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PREFACE 



THE treatment of water for ste^ra-boiler and manu- 
facturing purposes is & question of prime importance 
to the steam user, who understands by treatment something 
that will retluce the amount of hard acde deposited in his 
boiler or fabrics. Incidentally^ such reduction benefits his 
pocket by reason of the better efilciency of the boiler-heating 
surface ; less obviously but aa certainly there accrues to 
him a saving, because his boilers are iess etrained ; labour 
is economized upon cleaning and the number of boilers at 
work and spare may be less for a given duty. No apology, 
therefore, need be put forward in attempting to Jay before 
steam users some' of the chief facts connected TA-ith the 
softening of water. Equally important is the subject to 
certain manufacturers, notably dyers, one of whom informed 
the author that foreign competition in dyeing had no terrors 
for him. He could obtain for his dyed wools in delicate 
shades sixpence per pound more than other dyers, for he 
employed a water-softening process, whereas his neiglibours 
were content to use untreated wat^r. 

There are limits to the powers of the water-softening 
chemist, and it is well these limits should bo recognized in 
order to prevent disappointment ; but tliere are few cases 
which cannot be taken in hand and some improvement 
secured. No attempt is made t« enter too deeply into finer 
points of chemistry. Water softening and general treat- 
ment for tile steam user must of necessity be kept within the 
bounds of the more simple reactions and the commercial 
reagents. 
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In laundries chemic&Ls are added in the wash-tub for the 
purpose of softening water and saving soap. London wat^r, 
aay Messrs. Mather & Platti will destroy 20 lb. of soap 
per IfOOO gallona, at a cost of 3*. 4d., whereas the water 
oould be properly softened before use for id. per l,O00 
gallons. 

By using softening chemicals in the wash-tub the soap 
is saved, but the lime salts are deposited in the texture of 
the things waslied, and these acquire a yellow tinge. As 
well as in steam boilers, hard water is harmful and costly 
in laundries, tanneries, dye works and paper mills, etc., f<^ 
iron» which exists in many waters, is removed in the process 
of Hoftening. 

In dye works the most delicate colours cannot be obtained 
except with soft water, and in the tanyard the presence of 
lime carbonate in the hides destroys tannin by converting- 
it into lime tannate. and this is not only a loss of tannin 
but detracts from the quahty of the leather, wliich ii 
hardened and rendered harsh in feeling through the choking 
of its substance with mineral matter. 

Tn preparing tlii-s volume the Author has drawn on many 
sources to aupplement liin own experience, and is indebted 
to various firms for kindly supplying information of their 
particular apparatus, which have been selected, aa explain*id 
in Chapter VIll., purely aa types of construction and not 
because such apparatutj is in his opinion better or worse 
than othex-s named or unnamed. 

The complaints aa to the destruction of fabrics in laundriea 
by the use of chemicals arise probably as the result of using 
chemicals in dry form thrown directlj^ into the washing vats. 

The same chemicals, properly employed in correct quantity 
would do no harm, but rather good. Where softeners ate 
used in the washing vessels themselves, even in correct 
quantity, the goods are exposed to the lime salts, which are 

vi 
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rown out of solution. It m thus in every way beat to 

pflen water as a preliminary operation and to remove the 

bpurated lime salt* by deposit and filtration. 

The second part of the book de^ls with Condensing Plant, 

feed Pximpfl ftnd Heaters, and Water Coolers, and appears 

iturally to alJy it«elf with the subject of water softening. 

The exampl(» iJlustrative of these sectiouB are also selected 

i>r the same reaeons as those in the first portion of the book. 

The Author has endeavoured to make clear the important 

=iring which the lawa of mixed vapours have upon the 

ibject of condensing, and hopes that thereby the folly of 

eeminning of air pumps may be more clearly perceived. 

Ifot only upon condensers, but also upon air-pump design, 

8e IttWfi have their bearing. Rankine very clearly stated 

be ]av. and was more than usually particular in illustrating 

it by plain figure*. Yet the law has been little grasped. 

odeed. tbe Author has been induced liimaelf to emphasize 

jie jjoint by Mr. <icorge Higgins, MJnst.O.E., of Melbourne, 

bo pointed out where he, 'the Author, had himself 

neglected to give autticient consideration to the law. 

The provision of condensuig plant has often been very 

7rtuilou<4 in the past, especially in eJectricat stationH, which 

%ve been often patched up m a very haphazard manner. 

Perhaps no detail has been worse neglected than the feed 

ap. It is to be hoped that the future will see a fuU 

btum to older practice, which was based on slow, eaaily- 

rkcd Bubstanlial pumpti, which did not strive to make 

lieir presence known by clouds of steam and a perennial 

Iter puddle. 

If iho eteam engine is to continue to liold its own against 

pwcr heat motoit* there must be better and more Bcientific 

{H-acttce, based on a recognition of those factors on which 

rrmaneiice and durability depend. Tiiere has been a great 

irture along toy lines, and much attempt to hold that 

vii 
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things could be done that were opposed to known laws and 
practical experience. The result as r^ards electrical ex- 
perience has been millions of tons of coal wasted, and in 
nothing perhaps worse than in ill-considered condensers and 
feed-plant apparatus. 

The Author's thanks are due to various firms for informa- 
tion of their respective apparatus. 

In order to render the subject more complete, sections on 
Feed-heating and Water-cooling have been added to deal 
with these essentials, which require quite as much care and 
judgment in the selection of the proper apparatus for each 
case as do the other matters dealt with. 

As far as possible the basis of design and calculation has 
been made the British Thermal Unit, for by its use the 
elements of design all fall naturally together, and the hap- 
hazard system of basing design on a horse-power basis is 
altogether too foolish to be seriously entertained. 

Wm. H. Booth. 
25, Queen Anne's Gate, 
Westminster. 
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Section I 

THE TREA.TMENT OF WATER BY 
SOFTENING, OIL SEPARATION 
AND FILTRATION 



CHAPTER r 
ENTRODUCTORV 

ALL natural waters contain some impurity, the amount 
of which depends upon the nature of the soil over or 
through which the water haa passed between such time as 
it descended in the form of rain and the time when it was 
impounded in some non-at>luble vessel. When introduced 
to a stea-m boiler it is found that the impuritie.*? come out 
iof solution either because water losea it-s soluble power at 
'higlier temperatures, or, owing to evaporation of i^ome of 
the water, the remainder become?* super-saturated and the 
of impurity cryfltaUizes out or otherwise deposits. 
As deposited in a steam bailer, these impurities take the 
form of crusts more or \em hard and adherent. These crusts 
;*ro a aource of trouble more or less serious and dangerous. 
In the first place, when they occur on heated parts of the 
boiler they reduce the efficiency of the transmission of heat 
through the metal plates, and. if very thick, the resistance 
to the passage of heat may be so great that the metal h 
I rendered so hot aa to become reduced in strength, and a 
I dangerous condition may ensue, ending in serious collapse 
^or rupture of the parts overheated, or even genera! explosion. 
H In process of time the amount of deposit becomes so 
^■great that its removal becomes imperative. In cleaning a 
^boiler it is often requisite to employ pickn, or the hammer 

iand chisel, and in course of time the surfaces of the boiler 
become hacked over like a coarse rasp, by reason of the 
unskilful use of the cutting instruments. The cleaning of 
a boiler by these means is expensive, and it is work requiring 
considerable time. Water which causes deposit necessitates, 
I 
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tlterefore, a larger provision of boilers for a given du 
Inernstation has a powerful influence upon the design of 
ftteazn boilers, and bolter?, otherwise sound in principle and 
good in practice, may be barred out of use by the diffictiltj 
that would be experienced in respect of cleaning, la con- 
sidering the coBt of treating feed water »o a* to prevent 
depoalte by removing the impurities from the water beforr 
ita entrance into the boiler, there is to be set against tht 
oo«t of treatment, the expense of cleaning, the waste d 
capital which represents the reduced life of the boiler, and 
the interest and depreciation charged on the increiased plant 
which it la necessary to employ. 

AH the above inconveniences and expenses are avoided 
when a boUer is fed with initially pure water, or water that 
hao been purged of its impurities by artificial means ; ani 
it may be added that pure water is beneficial in manufac- 
turing procewes, particularly in the preparation of high- 
claHH fabricM. the dyeing of line wools, especially of the 
fancy order, such a» Berlin wools : in brewing, in drug ex- 
tracts* and in cleaning and washing purposes. Great waste 
of Boap and detergents is obviated when pure water is used. 

The purification of water for boiler feed purposes is carried 
out along two main lines. 

First, by chemical means, nuch reagents being added to 
the water as to catxae aedimcntation of the impurities. 

Secondly, by the aid of heat, which reduces the power of 
water to hold certain aaltH in suspension, 

Thirdly, may be named filtration, by which matters held 
in mechanical suspension may be removed from water com- 
,^only termed dirty. Water of this kind will cause deposit 
a boiler generally of a softer order than incrustation 
proper, for such mechanically suspended matter will uBually 
be of a more or less clayey description. Such impurities 
will deposit in a large pond just as the muddy river Rhone 
emerges from the I^ke of Geneva as a bright stream. 
Filtration i& a substitute for time and area. 

Fourthly may be named a combination of the first and 
second processes, but this can hardly be claimed as a dis- 
tinct process, iht' addition of hetit merely assisting thfl 
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bliemica! process, ihougli it may be substituted for it m 

pi'tain cases, such as temporary hard waters. 

Properly to clean a boiler when it is laid off from work 

it should be left full of water until, with ite brickwork 

foundation, it has fallen to atmospheric temperature. Tliia 

;)roces8 can be hastened by allo^ving air to flow through the 

iues to as full an extent as admisdble eonsiatently with not 

ritiating the draught of other boilers or unduly cooling the 

conomizcr. Without either of these possible inconveui- 

"enoen, the rejnovjil of batk plateH of the down tnke will 

Jjiflj) to otjol the tluew of a boilur If rupid cooling i» im- 

Bperative, the Manchester Steam Users' Aesotaation advise 

that cold feed may be introduced, while hot water is run 

Pout at the blow-out tap. A boiler should never be blown 
but under steam pressure if this can be avoided. Some- 
times it is necessary (o do this where the hoUer is below 
the drain level, as is the case with boilers set in basements. 
This can eometimea be avoided if a supply of compressed 
air is available for blowing out the water, but the combina- 
tion will be rare. An electrically-driven pump should be 
I employed if a supply of electricity is available. The objec- 
r tion to emptying a boiler when hot and surrounded with 
hot brickwork ia that the incrustation is dried and baked 
hard, and while drying it ia exposed to the action of the air, 
and may abeorb carbonic acid gas from the air, and this 
will help to fix the deposit more firmly. 

Speaking generally of hard water, the Desruinaux Co. 
state that for every ewt. of soap used, at least 80 !b. will 
be converted into the well known scum which is an in- 
soluble lime soap that settles in the texture of fabrics 
washed in hard water. Since 4 lb. of lime will soften aB 
miich water as SO lb. of soap, the economy of softening is 
obvious. 

They give a table compiled from data supplied by Messrs, 
S. Sutcliffe & SouH. of Bradford, showing the soap required 
to -soften 1,000 gallons of water of three different degrees 
of hardness. It is calculated on the basis of 2^ oza. of soap 
por lOO gallons per degree of hardness, or I lb. 9 ozh. per 
^1,000 galiona at 18*. Hd. per cwt. This represents a loss of 
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Z^d, per decree of hardness. The insc^ble lime sosfH 
formed in fabrics cannot be completely raoioved, even bj 
vigoroiu treatment, and good dyed tints cannot be obtained 
with hard water washed goods, nor can white goods be 
prepared. The lime soaps give a yellow tint and also stick 
to dirt. 

As compared with the cost of bcnler compositions, one 
chemist states that where it cost £177 per year to soften 
33,000 gallons a week from 11° of hardness, the cost d 
chemicals for 70,000 gallons per week was only £36 per 
year, or less than one-tenth the former cost, and the water 
formerly used in boilers only was used after softening for 
dyeing also. Hence the increase in the weekly quantity. 



CHAPTER II 
WATKR : ITS SOURCES AND IMPURITIES 

ALL water has its origin in the sea. From the sea, and 
to a less extent from lakes and from land surfaces, 
the sun raises vapour to form clouds, and the condensation 
of this vapour produces rain, and this is the only natural 
source of so-called fresh water. In its descent to earth the 
rain dissolves from the atmosphere some of its constituents, 
notably carbon dioxide gas — CO^ — of which four parts in 
10,000 of the atmosphere consists, i.e. 00004. This 
gas is the chief agent in producing incrustation, because it 
enables water to dissolve certain salts of lime and of mag- 
nesia. In manufacturing locaUties the rain also clears 
the atmosphere of the acids produced by the combustion 
of coal, of ammonia, and of solid matters such as soot and 
wind-raised dust ; but these latter impurities are not of 
serious importance from a steam user's point of view. Hav- 
ing fallen to eartli, rain at once seeks lower levels, and finds 
them by sinking into the soil by gravity and absorption, 
or by travelling over the surface into streams and rivers. 

Approximately of the rain which falls one-third runs oflf 
the surface into the rivers, one-third sinks deeply, and one- 
third is re-evaporated. 

In traversing the surface, water dissolves a portion of 
the rocks and earths with which it comes in contact, and 
the same when it sinks to deeper levels and then travels 
gradually towards the sea along the rock planes. The 
character of the water in any district is thus determined 
by the rocks with which it has come into contact. In 
Great Britain the surface rocks are of great diversity. 
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Gienerally they consiHt of alternations of clays, sands 
limestones. Tlio strata, forming these islands are mui 
disturbed and incUned downwards at a considerable angl< 
A study of the Geological Map of England will ahow thi 
roughly each distinct stratification dips towards Londoi 
the outcrops lying in approximately concentric bands Htrui>k 
from a locus of centres between Dublin and Belfast. The 
various strata dip successively one below anotlier, ao that it 
may be inferred within limits that a liole bored at any spot 
will reach sueeesfiively the stratu lying progressively to ti 
north-west of Lliat spot. Faults and dislocations and tl 
occurrence of rocks wliitih do not outcrop upset this general 
scheme to such an extent that every case must be con- 
dderod by itself in the Ught aH'orded by proved geological 
facts, assiated by exj>erience and aided by the general prin- 
ciples enunciated. The rapid altemationg of strata produce 
an equally rapid change in tlie character of the waten 
obtainable in dtlTerent areas about the country. 

Speaking generally of tlie five main divisions into wliich 
the rocks may be divided, it may be said that these are Clays 
and Marls, Sands, Limestones and Granites. 

The clays — including slates — and marls are not them- 
selves soluble, but frequently contain soluble salts, which 
are dissolved out by water. The marls often contain lime 
salt such as gypsum or sulphate of lime — CaSO^ — which is 
absorbed by water. The clays are represented by the Lon- 
don Clay, the GauJt Clay, the Lias Clay, Kimmeridge Clay, 
Weald Clay, Oxford Clay, etc. Slates are clays metamor- 
phosed by heat and pressure, and so are the shales of the 
coal measures. 

The marls are represented by the Old Red Marl and the 
New Red Marl, both of which contain gypsum, and by 
the mar] of the Permian Beds, etc. 

The sands are represented by the Bagshot Beds found on 
the highest points of the London Clay area as Hampstead, 
Highgate^ Epping. Lajndon Hill» etc; by the Lower Green- 
aand, the various beds of the New Red Sandstone, the 
Permian Beds, the many beds of the C^arboniferoua series, 
the Old Red .Sandstone, and many of the older rocks. 
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The repreaentativea of the limestones are the ChaUt, the 
|OoUtes. tho Magnesian limestone, the Carboniferous limp- 
itoneB and many beds in the older rocks. 

Granite occurs at tlie surface only in the west of the 
country, or in upheavaEs, as in the Charnwood Forest 
district. 

Wherever there is lime in any form there will be hard 
'■water. Naturally soft water occurH witli the sa-ndstones 
and granites and the purer clay. Some of the water from 
the^e rooks is ho piirt* that it i*t.'(juin's no further jnirificatSon. 

Thu.s the water supply of (Jlawgow is taken from Loch 
Katrine, fed with rain that hat^ fallen on nt in -cretaceous 
rocks, and it ia quite soft. The old supply of Mancliester is 
obtained froni the Ltingdendale valley, which is! superficially 
of millfltone grit, and the only impurity of any consequence 
to the boiler user Ls a wmall amount of pe«t acid arquired 
from the peat which ocjcurs upon the gathering ground. 
Many other of the northern towns have a public water supply 
which approximates closely to that of Manchester in origin 
and character, while Birmingham hus obtained tuimilar water 
from a higher barren tract of land in Wales of Silurian rock. 
The coal measures, while yielding pure water from the 
sand rocks, will often produce very bad water in the region 
of the coal itself, water of very corrosive acid nature. No 
natural water is perhaps better than that from tiie Millstone 
grit, e.g. the Manchester supply from LAingdendate, 

A river water does not necessarily bear the character of 
the rocks over which it runs. The Millstone Grit and the 
Carboniferous limestone being contiguous rocks a river 
may be found running over one of these rocks, while ita 
chief sources may liave heen the other rock. Thus the 
courHe of the Derwent in Derbyslure is almost wholly upon 
the rocks of the carboniferous period, yet it is largely fed 
from the area of mountain limestone of which middle Derby- 
shire consists, receiving as tributary the Wye, which with ita 
sub-streams the Lathkill and Bradford, drain the Peak 
district. The Derwent is thus by no means a soft water 
river. Similarly the Thames, which runs over a clay country, 
pa^ea through a chalk area west of London and contains 
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ftoinc 20 grs. per gallon of lime carbonate. Again, 
bored in a sandstone or a limestone area do not necess: 
yield water of a charactf^r corresponding to those rocka, foe 
the borehole may have penetrated into lower rocks of i 
different order, as for example the numerous artesian welll 
in London which penetrate the London Clay and the lowetl 
Tertiary Beds and obtain their water from the Chalk. Al 
the iv^me time many of the chalk wells of London obtaia 
their HUpply frr^m water whicli has reached the chalk through 
the superincmnbent r)ed of Thanet Sand, usually :lO to 40 
ft. tliick. When tills ia tiie case the chalk welU of LondtK 
yield a water of small hardnesa, hut apt to be heavily charged 
with salts of soda. It was hoped at one time to obtain 
really soft water at about 1,100 ft. depth in London from the 
Lower Greensand formation, but this expectation was dis- 
appointed, and at that depth much older rock, probably of 
Devonian age, was touched, and further e^t^dence from, sub- 
sequent deep borings at CVoaanesa, Streatham, Harwich. 
Ware, Stutton, Kentish Town, Tnmford, Culford, et-c.. and 
the coal borings at Dover, has demonstrated that a ridge 
old rocks runs beneath London and sotith-eastem Engl, 
and haa interfered with the deposit of newer rocks. The 
nearest artesian well to London which has obtained water 
from the Lower Greensand ia that atWinkfield, nearWindsor, 
which touched the Greensand at 1^334 ft. below^ surface, 
entered it to 1,243 ft., and produces a flow of water which 
rise^ to 7 ft. 8 in. above the surface, or to about 225 ft. abov8 
ordnance datum. Tliis well, sunk under the Author aa 
engineer, probably draws its supply from rain which falld 
upon the outcrop of the Lower Greensanil in the locality of 
Leighton BuK^ard. 

In this case the borehole was started upon a surface of 
LfHidon Clay, penetrated the chalk beneath and the gault. 
and t>nly extracts any water from the Lower Greensand, atil 
the water is soft. The instances cited will be sufficient t<i 
show to rtteam users that a merely superficial examinatioB 
of their particular environment ia insufficient on which to 
found a policy of water supply. 

in originating a new manufactory it is too frequently the 
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stom to consider everything except the water supply, and, 
irhen the money is spent and buiidings have been erected, 
le water supply is taken in hand and niay prove far more 
^cult a problem than anticipated. In a case familiar to 
Author, where a, pure supply of water was imperative, 
ae same course of action was followed out. A boring waa 
lenmade, and at 1,100 ft. below surface a supply uf unuless 
lit water was obtainetl and neeeasitated heavy pajments 
or water from a source out of the control of the factory. 
rhouglt dealing with the treatment of water tlic advice of 
le Author is to secure a supply, if possible, that docs not 
require lo he treated. This ideal water is rarely to be 
obtained, and treatment must be resorted tOj but there must 
be frequent instances where, of two or more sites, one can 
be shown to contain better prospects of a suitable water 
than the others, not merely in respect of quantity, but also of 
^quality, 

K Tlds point is emphasized because the strata in Great 
^^ritain are often so disturbed that a very small difference of 
site may be of the utmost importance m respect of the 
artesian prospects* and the experience of the author in hifl 
capacity of Hydro Geologist has shown him the need for 
very careful investigation, especially in parts of the country 
geologically faulted. In order to determine the proapecta 
of a supply and its quality it is necessary to make a close 
examination of the h>cality both in regard to levels and to 
geological conditions. Needless to say the water diviner's 
art is not rehable, though probably some men who affect to 
discover water and make frequent ajiparent successes have 
real geological kntjwledge, and they easily undergo their 
facial contortions and cause their mystic twig to jump at 
just such points as fit with their preconceived ideas or actual 
knowledge. Their failures are more numerous than those 
made by skilful engineers who study the site by light of geo- 
logy, and often they will ignorantly diagnose ample water 
supply over hundreds of feet of impervious clays. 

While for very large water supplies large dug wells are 
sunk with extensive galleries or headings driven as deeply 
as possible below water rest level, these wells are difficult 
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CHAITKH III 

THE SALTS COKTAIKED JK WATER 

^HE ealta iimially responsible for the incrustation in a 
boiler Are thoae of lime and magnesia. These salta, 
|ttbe form of carbonat«sH, are but slightly soluble in water, 
at as biearbonates they diRaolve freely. It is uwiial to 
stale that carbonate of lime ami of magnesia are soluble in 
water only in presence of an additional quantity of carbon 
dioxide gas. The fact tJiat thiy gaw i^ di,'it'ngaged by boilftig 
in the proportion of its chemica! equivalent seetiis to hIiow 
that it is as biearbonates that the salts named really difl- 
solve. The salts of lime and magnesia are the earlionates 
and the sulphates, and the treatment of ijoiler feed water 
consists, in the main, in getting rid of these two or four salts 
more or leas completely. 

It is necessary therefore to describe these salts and other 
impurities of feed water and to acquire some knowledge of 
their cbaraeteristics and general properties, before the 
method of their removal ean be understood. They are as 
follows : — 

Carbonate of Lime or Calcium Carbonate CaCOa. or better 
to indicate its formation CaO,COa. is the substance that is 
formed when lime unites \\ith carlinn dioxide gas. Lime ia 
the oxide of the metal calcium and is a white powder which 
greedily absorbs carbonic acid gas thus — Lime =CaO + 
Carbonic acid=C02=CaC03 as above. This salt of lime 
ia very sparingly solxible in water, but if a second molecule 
of carbonic acid gas be added the salt readily dissolve*. 

Thus Cft0 + C0a + C0a=Ca02(C0a), 
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In nature, lime carbonate is widely spread and constitutee 
the bulk of the chalk and of the mountain limestone fonna- 
tions, and is indeed the main constituent of all limestone 
rocks, marbles, etc. When dissolved as bicarbonate 
there is supposed to be present also a molecule of water, 
=H30, so that dissolved lime carbonate has the formula 
CaO,H30,2C02. 

The attachment of the additional molecule of carbon 
dioxide is but feeble, and the appUcation of heat is sufficient 
to drive it off and render the remaining carbonate of lime 
insoluble. Thus it is that when a lime carbonate water that 
has been gradually heated in an economizer enters a boiler, 
it often throws off at once the additional molecule of COj 
and deposits lime carbonate crystals, CaCOs, about the feed 
inlet. A small quantity of carbonate remains in solution 
to the extent of only 0*03 per 1,000 of water, corresponding 
to 2-1 grs. per gallon (10 lb.). 

Pure carbonate of lime does not produce a scale of great 
hardness at first, but it hardens with heat and dryness. It 
is recognizable by the peculiar and characteristic appearance 
of the crystals of lime carbonate under the microeoope. If 
a carbonate water be heated very quickly the lime salt is 
more likely to he deposited as mud. When slowly heated 
the lime salt forms the well known mineral calcito, and, 
according to Stromeycr, this constitutes a hard scale. It 
may do so when baked or when exposed to even gentle 
heating for some time as on a boiler bottom, but when, as 
frequently happens, the passage of such a water through an 
economizer juat suffices slowly to raise the water to deposit- 
ing point, the calcite crystals will separate out upon the per- 
forated feed inlet pipe, and upon the boiler side near the 
open end of a feed pipe, in large pulverulent masses of 
slightly adherent crystals. The deposit has somewhat the 
appearance of a reddish sandstone, but the calcite is easily 
distinguishable by the microscope. A boiler must be 
opened up before its usual time in many cases to clear the 
feed pipe of the obstruction to the flow of water. The 
openings to water-gauge taps also become incrusted, and 
may give rise to dangerously delusive gauge appeanwo^ 
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Indeed it is probable that these dangers have been diniin 
iahed largely because a gla&tt gauge is a condenser and tnaiu- 
tains a constant stre-am of soft water back to the boiler 
through the lower taps. To intensify this effect copper 
bulbs are sometimes connected above the upper fitting for 
the purpose of pouring a steady stream of pure con- 
densed steam dosvn the gauge glass and through the lower 
cocks. 

Wlien other sake are present the scale is modified. The 
moleeuiar weight of lime carbonate is 100, it« specific gravity 
is 2-7, It combines with 44 parts of carbon dioxide, CO2, 
to form bicarbonate. If to water in which calcium car- 
bonate 13 dissolved by the influence of an excesa of oarhonic 
acid there be added 56 of lime = CaO for each 100 of Ume 
carbonate. CaCOa, held in solution by 44 of carbonic acid — 
COi — there will be a total of 200 of simple lime carbonate 
formed. The lime joins with the carbonic acid gas to form 
carbonate of lime. 

Carbonate of magnesium, MgCOa, i& the same 8att relative 
to maigneHium that carbonate of lime is to calcium. Its 
molecular weight is 84, its specific gravity is 2'94, It is 
usually found in nature in combination with carbonate of 
Jime in the shape of a double salt known aa dolomite. The 
t>ehaviour is generally similar to that of lime carbonate, but 
ijecause of the smaller atomic weight of magncrtinni com- 
oaretl with calcium the molecular weight i^ less, and 84 of 
aiagneslum carbonate requires an equivalent of 100 of cal- 
Bium carbonate. Some authorities state also that niag- 
'neeium carbonate is decomposed by heat into magnesium 
hydrate and carbon dioxide thus, MgH^O, +CO3. 

It is soluble in water to the extent of 0-02 per cent, = 1 4-00 

\ins per gallon. 

The salt next in importance, and even more troublesome, 

the sulphate of Ume, CaSO«, or CaO^SO^. This salt is 
lound in the keuper marls of the new red aeries and in the 
i^ld red marls as gypsum. It was also found in the sub- 
len boring in Sussex, and it forms the salt in the waters 
F burton -on-Trent which gives the special character to the 
Burton Ales. 
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Sulphate of lime, or gypaum, is found as a hydrate in 
nature, and if burned or dehydrated it again unites with 
water to form plaster of Paris. As a boiler incrustant it is 
hard and adhesive. In boilers at Burton-on-Trent the scale 
is of a glistening white, but underneath the scale the iron 
of the plates and rivets is corroded and oxidized. The 
sulphate is readily soluble at ordinary temperatures in 
water, the solubility at 34*= C. = 93° F. being 0-212 per cent, 
or 148*4 grains per gallon. At the boiling point, 100° C. = 
212° F., the solubility has fallen to 0-162 per cent, or 113-4 
grains per gallon. 

In sea water there is considerable gypsum, the solution 
being assisted by common salt. The molecular weight of 
sulphate of lime is 136, its specific gravity is 2"927. 

Sulphate of lime makes a hard scale because it does not 
deposit until compelled to do so by concentration. At the 
temperature due to high pressures water will dissolve, accord- 
ing to Stromeyer, 20 grains per gallon. Then, if the boiler 
be let down somewhat, some of the scale redissolves until, 
when cold, there are 170 grains per gallon, and this process 
loosens the scale, which can be more readily removed wet. 
If allowed to dry the concentrated solution in the body of 
the scale simply crystallizes and cements the mass hard. 

The slowness with which the sulphate deposits is t^e 
cause of its adhering so firmly to the plates. 

When there is sulphate in the scale it is doubly important 
promptly to wash out the boiler while still wet, and to keep 
it wet by successive sluicing with the hose while in process 
of cleaning. As sulphate is fairly soluble in pure water the 
use of a soft water should soon begin to tell on old sulphate 
scale, which will ultimately be quite removed or disinte- 
grated. 

Sulphate of magnesia, MgS04, is the salt of magnesia 
which corresponds witli the sulphate of lime. Its molecular 
weight is 120 and it is very soluble in water. The formation 
in nature of this salt is said to be due to the action of lime 
sulphate water on carbonate of magnesia, the result being 
carbonate of lime and sulphate of magnesia, but this action 
is reversed when hot and there is produced sulphate of lim§ 
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Jii\i\ magnesium carbonate from carhonate of lime iind huI- 
plmtv of iiiagni.-.sium. 

The solubility of the salt is 24-7 per cent, at 0** C, = 
32-' F. and 132-5 ppr acnU at lords'* C.=222'' F. llsapeoifio 
gravity is l'75l in cryntal form, 

Walefi^ containing aaltH otlier than the above salts are not 
widespread. Chloride of sodium or common salt, NaCU is 
fuund plentifully of courBe in the aea and in the salt districts 
of Cheshire and Worcesterahire, Nitrates and chlorides are 
particularly pernicious in that they produce iu the presence 
uf the magnesium siklt* a deposit of hydrated carbonate of 
inagneftium which is not soluble, and of hydroclilorie acid 
which, in its niascent state^ is particularly destructive of 
boiler platen and tubew. At high pi-essures and tompera- 
turt-s ihif* action i8 particularly marked, and has put out of 
usp water that was more or leas admissible In the time of 
lower jinyisure.s. High temperature in fact appearfi to ex- 
eroief! a peculiarly bad etTect in decompojiing the salts of 
magnesia and the chloride of sodium, and such waters 
should be avoided if possible. 

In table I will be found a list of the chemical and physical 
properties of the chief impurities of wat<5r. and of the eub- 
.Mtanens employed in purification and fo.rmed in the processes 
of treatment. 

Speaking in a general sense the treatment of water for 
Hcale prevention is carried out along two lines. 

In one, i^ome substance is added to the water which causes 
the scale forming salt to become insoluble, when it may be 
pre<rip)t.ate<l or filtered out. 

In the other a wait of small solubility is changed into 
one of high solubility which will accumulate in the boiler 
witliout crystallizing out until such time as the solution 
biwomM very dense, when the boiler must be wholly or 
purtiAlly emptied. 

The first method is that most commonly practised because 
^the oomnionest f(»rn* of incrustation is the lime carbonate, 
^KikOCOs. Dr. Clark, who discovered the process, has given 
^nis name to it. 

It depends upon the solubility of bicarbonate of lime in 
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*i zi^ f ****i Tfcr.flT lii* jiwaiutiibn- ct nviicciMie <rf time and tliB 
fc-^-.Vr re ]2jirt. VrdrBM- 3:r BfcrtKttat acsd cas- RiTer and 
KirtiE hztz 'ttzt^ zik^vanZ -vks^c^ »zi bold bicarfoonate of 
ji^ii*- i^ $:csrarti ir:- & c*-:inadsr&lijt extern. A quite usnil 
o-sjiCiTiTT if 3:* cr»i3? ?er a^km = > . ;. .. or 0-03 per cent. 
T&.bk- I choirs -i^iMS ijsshanhut of "amt- has odH- about ow- 
vsmh 1^ »c>h2bv2TT. Dr. Qasx reasoDed that if he added 
hrdmcd ca-iicnac }izrK-. CaC*H;C*. 10 vater ocMataining biGa^ 
hoDMX^t fA lizxic is •«c>hztk)c be vodild conrert the soluble 
bic^rbcdute ini*:' instolhibk- cBrl*:4:ute. for the hvdrate wooJId 
ereiedily absorb the seoood mokciile c<f caTbonic acid gas, and 
jt -KoaJd obaiige xteelf aibo into iDsc*hible carbonate. Una 
}/fA\i the lime salt namralhr pretsient in the wter and tliat 
artini-ialjy present vould become instable carbonate and 
would precipitate together. 
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CHAPTER IV 
THE REACTIONS OF SALTS IN SOLUTION 

UPON the reactions which occur between various salts 
in solution depends the purification that can be 
effected. This reaction, as it relates to the use of lime as a 
reagent, has already been referred to in Chapter III. 

Expressed in chemical notation the action is as here re- 
presented. Under each substance is placed its formula and 
its equivalent weight, so that the whole process may be 
traced out. 

Bicarbonate of Lime. + Slaked Caustic Liino. 

|'CaO,COa + CO, 1 ^ [CaOHaOj 

-, 144 I "" -| 74 I 

"- Soluble. } { Soluble. J 

Carlxinate of Lime. + Water. 

r2[CaO,CO,]l iH^Ol . 

I 2 X 100 j - 18 

[ Insoluble. J [ J 

In this reaction a weight of 100 of carbonate of lime is held 
in solution by 44 parts of carbonic acid. There is added 56 
of caustic lime hydrated with 18 of water. The 56 parts of 
lime seize the 44 parts of carbonic acid and convert them- 
selves into 100 parts of lime carbonate. The lows of the 
extra 44 of carbonic acid leaves 100 part.s of the original 
matter now insoluble and 200 parts of a chalky mud are 
precipitated. The process is very effective and it is the 
cheapest known. 

When water is analysed for carbonate of lime the extra 
molecule of carbonic acid does not appear, and the analysis 
is stated in terms of simple carbonate only or CaOCOj ; = 
molecular weight 100. 
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Similarly in preparing lime water for treatment no notice 
is taken of the hydration water, but the dry lime iu taken 
just as fresh burned as possible. Thus for each 100 parts 
of carbonate of lime there are required 66 parts of freshly- 
burned unslaked Ume. 

It is known, say, that a feed water contains 20 grains per 
gallon of carbonate, and the water consumption is 10,000 
gallons per day. Then 10,000 x 20 -r 7,000 = 29 lb. nearly 
of dry scale per day that would be deposited in the boilers 
or economizers, etc. 

This figure multiplied by —- or 29 x 56 -MOO = 1624 

lb. of diy caustic Ume necessary to soften 10,000 gallons 
of water. The result would be nearly 60 lb. of chalky mud 
when dry. 

Bicarbonate of lime, though given in Table I as an anhy- 
drous salt, and it may be so considered for convenience, is 
not known in that form. It is supposed only to exist in 
water charged with carbonic acid, and its formula then is 
CaO,H30,2CO,= 162. When boiled the extra volume of 
COj is driven ofif, and the carbonate, now no longer soluble, 
becomes mud or scale. Some processes of water soft^oing 
employ heating in a convenient vessel in which the scale 
deposits harmlessly and it can be removed at convenient 
times. 

Carbonate of Magnesia. 

Next to carbonate of lime the common scale-forming 
salt is carbonate of magnesia. Except that its molecular 
equivalent is 84 instead of 100 its action is the same as that 
of lime carbonate, but more caustic lime is necessary to 
precipitate it in the ratio of course of 100 : 84. 

109 

Thus each 100 of carbonate of magnesia demands 56 x — 

= 6666 of caustic Hme to absorb the excess of COj, the result 
being a deposit partly of magnesium carbonate and partly 
of lime carbonate. Expressed in formula as in the previous 
case — 
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tMg.C0,+CO,] 4- tCaO]|_ 

(84+44) + (66) / 

, rMgCO^ + CaCO, 

I L 84 + 100 

total deposit of 184 takes place where 200 took place in 
,e case of Jimc carbonate. 

Carbonate of magnesia usually occurs witli lime, and the 
\'0 are treated togethtr. 

len water charged witii carbonate of lime enleni a boiler 
water being already hot, and the boiler being, at say, 
350' F., the depoHJt of the lime is very rapid. It crystallizee 
lund the feed pijje and on the side of the boiler close by, 
d soon chokes the feed pipe perforations. This is one 

ion why water ought to be treated outside the boiler. 
If carbonate of magnesia be present it often .separates 
t as a fine flour wliifh floatft for a time on the surface of 
e water, is often carried off in priming water, but ih pecu- 
rly dangerous when the feed water contains grease. 
[Fortunately when waters are gre-a.sy they have often been 
'Urged of all acale- forming matter, coming aa they do from 
rface condensers.} 

The fioury deposit combines with grease to form a pecu- 
T spongy substance, whicli will collect into balls and 
metiniee will collect on furnace crowTie. Being a non- 
inductor of heat such a deposit on the furnace crown will 
use overheating and collapse of the plates. Grease must 
avoided at aU coata^ for magnesia may atill find its way in 
ly way of the making uji water. 
Except that magnesium carbonate decompoaea at high 
imperatures into carbonic acid and the hydrate, the beha- 
iour is that of lime. Tliis one difference is not of import- 
ice except so far as that the effect takes place in the 
pipes and chokes these with a sort of gelatinous paste, 
t is to avoid tliis efTect that water is recarbonized in the 
Archbutt-Deeley process to enable it to absorb or avoid 
such deposits. Water fully saturated with carbonic acid 
can absorb as niucti as 70 grains per gallon of lime farl)nnate. 
Distilled water, says^Mr. Archbutt, will only dissolve 13 
grains per gallon. 
~ 21 
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He has rarely found more than d to 6 grains of carbonatt | 
of magnesia, occasioually twice this quantity, and once SSji 
grains. 

He also states that sufficieot lime must be added toil 
magnesia water to decompose the carbonate of luagne 
into hydrate thus — 

MgCO. + CaOHjO = MgO.H.O + CaCOa. 

S«lubl«, Insoluble, 

This, if^done, implies an additional quantity of lime 
66'6*i lb. for eacli 100 of magnesia carbonate, or just double 
in all what the fir&t calculation gives, i.e. 134 of dry caustic 
lime per 100 of magnesium carbonate. This is advi^d 
because it is considered that the carbonate is much more 
soluble than is lime carbonate, but the hydrate is insoluble 
or nearly so. Tlijs further treatment demands the ^eca^ 
bonating of the finally treated water, wlilch converts alt 
remaining Ume and magnenia into the soluble bicarbonate. 

In the year 1858 Dr. Angus Smith, F.R.S., was a^ked to 
inveatigate the waters uaed in and around Mancliester on 
behalf of the Manchester Steam Users' Association, and his 
report was issued ill 1859 and has since been reprinlt€<l 
This report is given in the appendis, but it must be noted, 
of course, that the one line of chemical symbols is not writtHi 
on present day notation, the accepted atomic weights being 
now different. 

The most usual salt in hard water being carbonate of limfl 
or of magnesia, so is lime, quick or c^fl^ustie. CaO, the most 
usual reagent. The proper quality of hme to employ i.'? thaX 
known aa fat- — that is, it is a pure hme free from clay or argiU. 
Dorking grey lime, made from the lower chalk, is partiaJJv 
hydraulic, and therefore unsuitable. The upper chalk will 
produce wliite or fat lime, and so also does the carbom- 
ferous Umestone of Derbyshire, the lime from which is sold 
under the generic name of Biixton lime. 

In using lime it must be stored carefully, and should be 
contained in an air-tight vessel or it will absorb carbonic 
acid from the air. It is usual to slake it with water suiS* 
cient to form a paste the day before use. If the operatioa 
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' softening U done by^hand^ther© abould b© two taiaka, each 
itoldiiig not leas than a day'a supply for use alternately, 
lif proper v, eight of lime for one tank of water after nUiking 
to be further mixed with water to a creamy corsiatency, 
:iptiod into the tank and thoroughly well stirred together 
rtth the deposit, some of which must always be left in the 
ink from the previous operation, as the presence of this 
Bpoflit facilitates the sedimentation of the new deposit. 
Wlicn mechanical apparatus is employed the lime is mixed 
bither *■* milk of lime or as lime water, MUk of lime is more 
less uncertain in its composition according to the vigour 
rilh which it is kept iigitated. Lime water ie & certain 
iuot which contains juat so much Ume as water will 
^twrb, and it is thus nominally a simple matter to divert a 
litable proportion of a given stream of water through a 
rw«*el of Ume, such proportion being fixed at what will carry 
^he amount of lime necessary to soften the whole. 

Thua when lime is present in abundance a pawsing flow of 
rat<*r will take up 1'3 grams of lime, CaO, per litre or 0*13 
er cent. Aa in commercial lime only a part is eifective it 
nccoiwary to provide more lime to the extent of about 
per cent, more or leas. The use of lime water demands 
^hat for each degree of temporary hardness about 055 per 
at. of lime water must be employed. This implies the 
livision of the stream of water in ordinary cases in the ratio 
of 1 ; 10, but while this may pre-sent some inconvenience, 
Bt it enables graduation to be better effected, and is easily 
in mechanical apparatus of the continuous order. 



Soda. 

treagont exists in many forms more or less pure. In 
Btic state, as NaHO, it is a soUd crystalline substance 
dangerous to handle and very destructive to the skin, and 
ngcrous to the eyes. 

Soda :Vsh is nominally Carbonate of Soda. Na/'O,. anhy- 
oa». and is rated commercially on its percentage contents 
Na,0 

Dissolved in water it crystallizes, when evaporated gently, 
"Ith 10 parts uf water and becomes soda crystal or common 
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washing soda. Na,COi+ lOH.O, of whicli only 106 parts out" 

of 28(t are carboimk- of soda, and only about 21 per cent, ia 
rateable as alkali or Na^O. ■ 

Caustic soda must be kept from the air as carefully a*^ 
lime, or it will become carbonate, and being also hygroscopic, 
will ultimately convert itself into crystal Hoda. 

Magnesia, as a Re-agent, 

Ab with lime, so also with magnesia, may both lime and 
magnesia carbonates be thrown down. Thus — 



Lime 
Bicarbonate 

J CaO. 2CO3 
I Suluhle. 



Liino 

Carbonate 



+ MgO» H3O = CaCO: 



Carbonate Water 
MgCOa + HaO 



InHoluble. 



and — 



bioarbonflbe* 



Carbanato of 

MgOaCOa + MgO.H.O = 2MgC0a 4 

Soluble. Inaolubla 



H,0 



A reaction not much recognized is claimed for the pr 
cipitated carbonate of magnesia, namely, that if sulphate ■ 
calcium he present in the water the magnesia deposit will 
act upon it as foltow^s : — 

MgCOa + CaSO* = MgSO^ + CaCOa 

forming insoluble carbonate of b'me precipitate and solubli 
sulphate of magnesia. 

ff no other salts are present than the sulphate and ca 
bouate of lime, the employment of the magnesia reactic 
should produce complete puritication when the ratio 
carbonate and sulphate lies within certain limits. But 
already stated, magnesia must not be employed where eve 
small quantitiea of chlorides are present by reason of the 
acid corrosion which will result. 

All the magnesium salts except the bicarbonate prodt 
permanent hardness, and they are alao with that ot 
exception very soluble. They arc nitrates, ohloridfl 
and sulphates, and they destroy soap. 

By means of caustic lime and soda ash Stromeyer sa| 
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[aU. the magnesia salts can bo converted into insoluble 
fhydtate, with the formation of carbonate of lime, etc. 

Though lime is so cheap an agent, the ordinary boiler user 
I pins his faith on some salt of soda or more rarely of potash. 
Hydrated caustic soda, HNaO, or hydrogen sodium 
oxide has, like caustic lime, a powerful affinity for carbonic 
acid gas, and iviU deprive bicari>onate of lime of the extra 
molecule of the ga.s, thus— 

ICa02COj + 2HNaO =CaC03 + Na.CO, -r H^O. 
The carbonate of Fioda is very soluble, and it aiso possesses 
the power of decomposing sulphate of calcium, when the 
following interchanges occur— 
Na^COa +CaS04=CaC03 +Na3S0,. 
The last salt, sulphate of soda^ remains in solution, and 
can only be dealt with by blowing out so as to avoid undue 
concentration. 
Sulphate of magnesia will be similarly acted upon with 
formation of raagne?*ia and sodium aulphate. 
Caustic soda, however, Ls a much more expensive salt 
than caustic lime, and is not much employed. In general 
good practice carbonate of soda is employed in combination 
with caustic lime, thus— 

^ NajCOa +CaOHaO =CaCOa + 2NaH0, 

the eoda being rendered caustic by the lime, which is con^ 
verted into insoluble carbonate, and the caustic soda pro- 
duced then acts on any carbonate present, and becoming 
^■itself carbonate, is ready to act on lime sulphate and oon- 
^"verts itself into sulphate of soda. A sufficient explanation 
of the double effect will be found in Dr. Angus Smith's 
report in the appendix. 



Soda and Potash as Carbonates. 

Carbonate of lime may be precipitated by carbonate of 
Btxla in a continuous manner. The following reactions are 
considered to occur. 

In the first place carbonate of soda — 

Naa2C0» + Ca02C0, + H,0 ^Na^O.^HaO, 3C0a + CaCOs. 



/ 
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The soda salt is presiuned to be in tke form of aesquioxide 
and to decompose into NaaCOa + HaNajSCOa, and then int 
(Naa2C03) + C0,+H,0. U 

The carbonate of soda appears to'"poasesfl the property o' 
depriving the carbonate of lime of' the eseesa of carbonic 
acid which keeps it in aolution. The liighly carbonated soda 
salt then throws off the carbonic acid free and attacks a 
fresh quantity of Ume carbonate. Its action is thus Buccea-y„ 
sive and cumulative. ■ 

With sulphate of lime and uarbonate of soda or potash 
the reguJt is carbonate of lirae and sulphate of soda, or 

CaSO. + NaaCOa =Naa804 +CaC03. 

BolublB Insoluble 

Soda has also a decomposing effect on calcium chloride^ frc 
which it produces sodium chloride and carbonate of lime 
below — 

NaaCOs +CaCU=CaC03Na3CU. 

Soluble. 

The foregoing are the chief reactions in ordinary nse, 
this is accounted for by their general low coat rather tba 
by their effects, for there are equally good and even bett 
effects to he produced by other reagents, which however \ 
too costly for regular trade purposes. 

Barium Alumtnate. 

One of the be&t reagents is the double salt of bariu 
and aluminium, Al^OaBaO- With carbonate of lime tl 
reaction is a^ foUowa — 

Al^O^BaO ^CaO,H,02CO«=CaCOn +BaC03 +Al,03HaO. 
All the salts which result from this reaction are 
insoluble and are precipitated. So with calcium sulpha 
the reaction is — 

CaSO* +Ala03BaO^Al,03CaO + BtiSO,. 

Thus no salt is formed which remains soluble, and wat 
may thus be purified completely by the aid of this doufc 
salt of barium and aluminium. 
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CHAPTER V 
THE LESS USUAL REAGENTS 

Silicate of Soda. 

THIS salt will precipitate lime carbonate with formation 
of a gelatinous silicate of lime and carbonate of soda, 
thusr— 

Si.OaNaa + Ca02C0a =Si03Ca + NaaCOa + CO2, 

carbonic acid being set free. If sulphate of lime be also 
present, the carbonate of soda formed in the above reaction 
then serves to decompose the sulphate as well perhaps as to 
act continuously as explained on lime carbonate. 

Silicate of soda may be used on a simple lime sulphate 
water, thus — 

NaaSi-Os +CaS04=Na2S04 +Ca.Si.03. 

M. Taveau says that 600 grammes of siUcate of soda solu- 
tion of 35° Beaum6 per horse-power if renewed every month 
will disincrust most ordinary waters. 

Oxalate of Soda. 

This salt is expensive, but is a good reagent. It forms a 
precipitate of calcium oxalate of a particularly insoluble 
nature. Thus — 

NaAOa +Ca,02C02 +CaS04=2[CaC02 +CO2] + 
NaaC0,+Na,S04+C0a. 

The potash oxalate K22[C03]2 has a similar action. 
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It has been proposed in Germany to employ chromate of 
soda or potash as a reagent for bofli lime carbonate and lime 
Buiphate. Thus for chrome potash— 

Ca02C03 +CrO^Ka=CaCrO. +K,COa +CO2. 

For lime sulphate the reaction is— 

CaSO* +KaCr04-CaCrO* +KsSO,. 

The chromitte of lime is insoluble, but the process is out of 
the range of practice, for the chromic alkahea are expensive 
find moreover have a very high molecular \\eight, and 
precipitate a molecule of lime carbonate of the weight I 
one molecule of chrome potash would be required of which 
the molecular weight is 194'5. 

In many of the reactions shown in this and the preceding 
chapter it will be noted that a salt which has precipitated 
one impurity has itself changed, so that it is now in a form^* 
to attack a second impurity. Thus caustic scda will attac1^| 
carbonate or rather bicarbonate of Urae and cause it to pre-" 
cipitate, and the causttc soda becomes carbonate of soda, and 
will then precipitate lime sulphate in the form of carbonate, 
and only sodium, sulphate is left in solution. 

Thus Ca0(C0,)3 + 2(HNaO)=NasC03 +CaC03 +H,0, 
whence CaSO, + NajCOa =CaCOj + Na^SO*. 

As explained in Dr. Angus Smith's report (see Appendix^ 
No. 1) a water containing both carbonate and sulphate in 
the ratio of 100 of carbonate to 136 of sulphate (the mole- 
cular weight ratios) can be exactly treated by this method. 
If the carbonate is in excess the excels of carbonate is to be 
more cheaply treated by caustic lime. If the sulphate ia 
in excess an additional amount of carbonate of soda must 
be added. The subject is fully dealt with in the report 
referred to. 



Alum and Alumino Ferric. 

When a water contains organic matter, as will be the ■ 
if it is sewage polluted, or if it comesj from an ordinary 
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iver flowing under healthy conditions, and therefore more 
or lesa charged with the germs of green plant life, it will be 
found more difficult to soften than a water from an arte- 

' sian well of the same degree of mineral impurity. With 
Buch waters it is usual to add a very Bmall amount of some 
ohemieal having the power of coagulating organic matter. 

'^Such a substance is aluro, AljKa4S0, + 2411^0. This is a 
double salt of aluminium and potassium, and ia known 
otherwise as potash alum. Added to water together with 
the usual reagents it coagulates the organic matter, and 
this facilitatea the deposit of the newly-formed lime 
precipitates, 

Alumino ferric is an alum in which AljOa is replaced by 
Fe^Oa- It8 name is misleading, for it should rather be 
called potassia-ferric, for it contains no alumina. It is 
powerfully astringent and is employed not only to coagulate 
organic matter as described, but also in the process of sopa- 

i ration of oil irom the water discharged from surface con- 
densers. 



Heat. 



The iieating of water is often made to do duty in removing 
temporary hardness, leaving the permanent hardness to be 
H dealt with by soda. To this extent therefore heat may he 
almost classed as a reagent, but its complete effect is only 
tsecured at the atmospheric boihng point. Inside a high- 
preasure boiler water already fairly hot when it enters the 
boiler will reject its lime carbonate very promptly. 

I Heat, even if only a few degrees temperature additional, 
will always facilitate the discharge of the CO2 from tem- 
porarily hard water, and render soft.ening more complete or 
reduce the time duration of the procesB. 
In Chapter X will be found further remarks on the heat 
treatment of temporarily hard water, with suggeetions for 
carrying this out when the use of ao much steam ia not per- 
I misaible as in non-condensing ateam plants and where use is 
[desirable of the heat otherwise wasted in the flue gases but 
[available for feed heating. 
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Barium Carbonate, etc. 

This salt may be uaed for removing calcium sulphate, 
apart from it^ price, it is a most satigfactory reagent, for it 
loaves no salt in the water as does sodium carbonate^ which 
changes into sodium sulphate which ia very sokible, but in 
time will of course concentrate. J 

Barium carbonate. BaCOa, ia itself an insoluble salt anP 
cannot be added in the ordinary way by solution. A large 
quantity of the salt may be dumped at once into the softeK 
ing apparatus, for no more will be taken up than is necessar 
to take up the sulphuric acid present in either the free 
combined state. The products of the reaction are barium 
sulphate and lime carbonate, both insoluble salts. 

The barium salts being many of them insoluble, are thus 
excellent reagents. Any carbonate of lime held in solution, 
by carbon dioxide must be treated by lime. 

Barium hydrate, BaOjHjO, soluble in three times its 
weight of boiling and 20 of cold water, may be added to 
reduce permanent hardness. 

Tn comparing tliis with soda Mr. McGill says that 300 
part^ of noda, Na.O» will reduce 271 units of permanent 
hardness. A unit of permanent hardness is I part of CaO 
per million. Soda ash at }(f. per lb. of true carbonate^ and 
caustic soda at l^d. per lb. of true liydrate, involve a cost 
of 3-85 pence per 1,000 gallons, so that 4-25 pence may be 
taken as the outside cost per 1,000 gallons.' 

To obtain the same result with barium 7*4 lb. of the oxide, 
equivalent to 15*2 lb. of the crystallized hydrate, or 
BaOHiO + SHiO, would be necessary. Its price would 
have to be only 0'fi75rf. per lb. for oxide and 0'2Sd. fo 
hydrate to compete with soda. The lowest price yet'quot 
appears to be 3 J times these figures in Germany > and 
time<8 at Niagara. The barium salt may ultimately 
electrically manufactm'ed at cheaper rates. The use 
barium hydrate will of course set free lime hydrate, whicfc 
will reduce any lime carbonate present in the water to tb 

^ Mr. McGlU writes from. Montreal^ ao it ia to be pre^uined 
a.ns the British gallon. 

30 



THE LESS USUAL REAGENTS 

insoluble state. Otherwise barium must be used as both 
hydrate and carbonate in proper proportions to suit tlie 
carbonate and sulphate of lime present. 

It requires 163 parts of barium oxide = 315 of crystal- 
lized hydrate to deal with 56 units of permanent hardness, 
and the product will then deal with 56 of temporary hard- 
ness also. At present treatment by barium is not commer- 
cially practicable as a rule, but occasions may happen when 
it could be used with advantage. 
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CHAPTER VI 
SCALE AND ITS EFFECTS 

FOR any particular area of incrusted plate the presence 
of scale will seriously reduce the passage of heat and 
plates may become overheated. But if only a part of a sur- 
face be covered with scale the efficiency of the part covered 
will be reduced, but the clean part will be improved. 

To show this idea in approximate figures Mr. Stromeyer ' 
has given the following table of temperature distribution 
in a boiler — 



TABLE 1. 
Heat Distribution in Boilers. 



Sq. ft. heating 

■orfaoe per lb. 

of fuel per hour. 







Flame and flue 

temp. F.*" . ! 3.000 
Maximum plate 

temp. . . 
Total heat 

tranamltted% 



Boiler with 

le, I 

thick 



scale, I in. 

hick. 



400 





i 



1 



2,421 1,961 1,335 

396 392 , :t87 

j I 

19-8 ! 35-6 i 57-0 



Flame and flue 

temp. . . I 3,000 ; •2.484 2,070 1,471 
Maximum plate i 

temp. . .1 691 630 581 510 
Total heat 

transmitted% 17-5 ' 31-8 52*4 



1 2 


4 


8 


728 


426 


381 


383 


381 


380 


77-8 

i ■ 


89-2 


89-7 


835 


459 


384 


434 


389 


382 


i 74-2 


87*0 


89-5 



1 Proc. Imt. M.E., 1903. 
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As boilers usually have 1 1 to 2 sq. ft. of surface per lb. of fuel 
per hoar the total loss from scale wiU not be so great, and 
with light work as represented by 4 sq, ft., it has fallen to 
leas than 3 per cent. Still the presence of scale is harmful- 
ThB plates are hotter and the entry of cool air produces 
greater contraction just as the high temperature liaa pro- 
duced a greater expansion, grooving, and similar forms of 
corrosion are set up as a witness to the movements that are 
in progre-sa, and these movements are producing stresses 
and gi'adually destroying the boiler, and thii alone is a 
sufficient reason for the use of soft water. 

Grease. 

Though introduced with a nominally clean water from 
surface condensers, grease is more of a danger than scale. 
The merest film of grease on a furnace plate will cause over- 
heating and collapse, and though isater may be deprived of 
much of its grease by slow settlement and by filtration 
through sawdust, there is difficulty in removing all. Com- 
bined witli carbonate of magnesia grease forms a peculiar 
sporjgy deposit which, if it settles on a furnace, will quickly 
produce collapse. 

Apart from the grease, however, the water from a surface 
condenser has no impurities. If mixed with a hard water 
and treated by aorae of the methods described, the precipi- 
tation of the lime salts will carry with it the oil also. Con- 
denser water should apparently be carbonated, well mixed 
with ground chalk, and then re-softened. 

Only lime carbonate would be pr&sent to be dealt with, 
and there would be no other salts to deal with. It is most 
important that no oil should enter a boiler. 



Organic Matter. 

The purification of a well water free from organic matter 
is easier to carry out than the purification of water of the 
same quality after it has flowed down a stream. Thtis the 
water of the Thames is more difficult to soften than water 
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from & chalk well of equal character, except for the org&Ei 
life. 

The deposit of the lime salts is more slow. This difficult^ 
is got over by means of alum, as already described in 
Chapter V. " 

For any particular area of heating surface the loan of el5 
ciency due to scale is given by the following table — 

TABLE II. 
Loss OP HiCATiNQ Power due to Scale. 



ThickneBS of Scale 
Loss of Heating 
Power 



2% 



4% 



90/ 






27% 



38% 



lu. 






In. 



60^i 



In. 



74% 



In. 



These losses are not found to occur in hollers, because tl] 
whole of the boiler surface does not usually beoome covered. 
Still the lo89 Ls always serioua apart from the stresses set up 
in the boiler plates. 

At Burton- on-Trent many boilers are fed with water tbaij 
i% heavily charged with sulphate of lime, and the whole 
terior of a boiler up to the water line preaents a dazzUi 
white appearance of great beauty. If the scale however be 
attacked with a hammer and broken away from any portion, 
as from a rivet head, the plate or rivet will be obBcrved to 1 
in a rough corroded state, very black and exuding a blacl 
liquor which is probably a compound of iron with sulphur 
acid from the scale. 

This appearance of platea under scale is not univer 
possibly it is an attribute of the more purely sulphate scale 
and it might peihapB be corrected by the use of an alka 
But at Burton any chemical treatment is d^ebarred so far j 
relates to any boiler supplying steam for brewing purpose 
and chemical treatment in a boiler is frequently debarred ; 
other industries also, and this ia an argument for treatmeD 
in separate vessels. The more entirely carbonate ac 
behave differently, A carbonate water heated weU towar 
boiling temperature, if then fed into a boiler at about IBO lb_j_ 
pressure, will acquire a considerably higher temperature 1 
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it travels along the feed distribution pipe and will promptly 
part with jta Ume carbonate, which will collect in large 
masses upon the feed pipe and immediately around, and the 
feed will ultimately become completely enclosed and choked 
as already stated. 

The presence of magnesia seems to be respon&iblo for that 
fine floury deposit which gets itself carried over to the en- 
gines and mixes with oil in the boiler to form a light apongy 
mass that will cause the furnace crowns to come doT^ii 
should It happen to settle on them. 

^The most usual acale Is conatantly becoming loose from 
he plates, and as constantly does it become re-cemented by 
freshly -formed scale. Most of the scale formed collects at 
the quieter parts of a boiler, which are> in the Lancashire 
type, the back end at the bottom and along the lower parts 
of each side of the shell, and in the water-tube type in mud 
drums placed out of reach of the hotter gases. But scale 
will collect in water tubes, which must eventually become 
burned as a result, for, unlike fire tubes, the scale in a water 
tube cannot automatically break away from the metal. On 
the fu.rnacecrownsof shell boilers and on tiro tubes scale as 
a rule is somewhat easily detached, but the appearance of 
any boiler using hard water should be sufficient in itself to 
compel the owner to soften the water. Unfortunately 
boiler owners are too rarely acquainted with the interior of 
their boOers, and do not therefore attach sufficient weight 
to the representations of their engineers, and water softening 
13 yet far from universal. Very often it is obvious that the 
scale in some parts of a boiler is merely built up of bits that 
have separated from other parts. Thus the cross tubes that 
were once so much used in Lancashire boilers have been 
found choked up with re-cemented scale of this nature. 
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WATER ANALYSIS 



THE analj'sis of water in its more particular aspect W^ 
too special a nature to justify full treatment in 
book of this nature. The ordinary steam uaer will n<i 
require to conduct hie own water analysis. The analyticaf 
chemist who does such work will obtain any assistance of 
which he is in need from more strictly chemical treatises. 
In a very large number of cases the atcani user who suspects 
carbonate of lime only in serious ajnount, as for example 
those cases which lie on the chalk outcrop that ext-ends 
over ao much of the country south-east of the curved line 
between Hull and Dorchester, will often be able to treat the_^ 
feed water of Km district by a trial and error process, simp^^ 
adding progressive amounts of caustic lime to a definite 
volume of water until the pink reaction with phenol- 
pthalein or the light straw colour with nitrate of silverj shows 
the alkalinity that provea a sufficiency of treatment. 

One of the methods of water analysis is that which rests 
on the power possessed by soap of rendering water frothy 
when the water is pure, and of not producing a lather so long 
as any earthy salts are held in solution, particularly thos^H 
of lime and magnesia. The soap solution is made of ^| 
certain fixed strength, so that each unit of the solution de- 
composed by a hard water may represent a definite de 
of hardness. 



""gnftd 



Standard Soap Salution, 

In England standard soap solution is made from Castile 
soap, which should be made from olive oil and soda. This 
solution, however, is said to be unstable, and sodic oleate 
may be purchased for the purpose. About 13 grammes of 
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are dissolved in 500 c.c. of methylated spirits and 
Pc.c. of pure water. 1 c.c. sliould serve to neutralize '001 
grararao of carbonate of lime or be equivalent to 1 degree 
of hardness. 

To test the solution 12 c.c. of the standard hard water are 
diluted to 70 CO. in a burette. To this is added 1 c.o. at a 
time of soap solution, and for each addition the burette is 
shaken until a five minutes' lather persists. Each 12 c,c. of 
standard h&rd water requires 13 c.c. of soap solution, the 
extra 1 c.c. being that required for absolutely soft water. 
The actual figure \y\\{ be lem than 13, and the Boap solution 
must be proportionately diluted. Thus if the soap solution 
used Is only 12 c.c., each 12 c.c. requires diluting by 13 - 12= 

^.1 c.c. 

^f Standard hard water is made by dissolving l*l!l grammes 
of pure fused chloride of calcium in water and diluting to 
1,000 c.c. at 15° C, or I gramme of pure carbonate of lime ia 
dissolved in 50 c.c. of EHCl,' evaporated to dryness, dia- 

I solved in 50 c.c. of water and carefully neutralized with 
iiSEAm.H.O. Each of the-se standards should for each c.c. 
[be equivalent to 000 1 gramme of carbonate of lime, 
I Standard Soap Solution in France. 

I Tliis is made by dissolving lOOgrammesof white curd soap 
'^ — Marseilles soap — in 1, fiOO grammes of alcohol at M^ C. The 
fioap is scrapeti into shreds and dissolved in tlie alcohol by 
heating to ehutUtion point. The solution is filtered, and to 
it is added 1,000 grammes of pure distilled water, 
^ The solution before use is tested by the aid of a solution 
^bf calcium chloride, GaCla, of fa]^} strength, or 0-25 gramme 
per litre of water, or with a solution of barium nitrate, of a 
^strength 0'59 gramme per litre. These are normal solutions. 
^P The apparatus required is as follows :- — 

f 1 ) A bottle of about 80 c.cm. capacity marked at 10, 20, 
|30 and 40 c.cm, by circular marks. 

^ An E ftolution is ane containing an equivalent weight in milli- 

nOH per c.c. of water. TIiwh ijICAniH.O, aontaina 170 m.R- or 

IgrniBH in 1 c.c. of water ; 35 being tlie ^quivalont of aiumonium 

liytlnite. EH. CI. means 36-5 m.g. of hydrochloric acid per 1 c.c. of 

. wtttor. 
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(2) A burette graduated so that a length containing 
c.cna. shall be divided in 23 equal parts. Each divisioiT 
represents a degree, but in order that for each test the 
burette shall be filled to the top division, there is a space 
between this circular mark and the zero division sufficient to 
contain the amoxmt of soap solution necessary to maintain 
a persistent lather on 40 c.cm. of pure water. The following 
divisions of the burette then represent exactly the quantity 
of soap solution destroyed by the salts in the water. The 
little extra solution is necessary to form a persistent lather 
even with distilled water, and represents the amount 
solution needed by the water in any sample as distinct frc 
the Baits in that water. 

(3) A bottle of the goap solution. 

(4) A bottle flask of distilled water. 

(5) A flask of oxalate of ammonia containing 1G6-6C 
grammes of oxalate per litre or a solution of i-\»th. 

(0) A flask of barium nitrate containing 2* 14 per cent, 
aatotate. 

(7) A pipette divided in tenths of a cubic centimetre. 

(8) A globe flask gauged by a circular mark at the ba 
of the neck. 

A spirit lamp and stand, a glass, a glass stirrer, thermo 
meter, and a fiask of normal solution of nitrate of bariui 
{0'59 grammes per litre), and one of nitrate of silver con 
taining 2-78 grammes of silver nitrate per 100 of water. 

To make a teat 40 c.cm. of the water are placed in til 
flask and to it are added successive small amounts of sold 
tion from the burette. The flask is shaken at each addition 
until signs of a lather are seen. The solution of soap is then 
added carefully until the lather is persistent, when it should 
form a persistent thickness of half a centimetre, and should 
last ten minutes before it evanesces. The number of divi- 
. sions of the burette of solution which have been used are 
\ the number of degrees of hardness of the water. f 

The soap solution is tested for strength with 40 cub^ 
centimetrea of the standard solution of calcium chloride or 
barium nitrate. This quantity should require 22 divisions 
in the burette of standard soap solution. If less than 
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degrees are required, the solution must be let down by adding 
I about one twenty-third of its weight m water to correct the 
■ Bolution by on© degree^ when a new determination must be 
" made until the correct solution is obtained. 

In making a test a preliminary trial is made in a test tube 
with 20 to 25 grammes of water and 1 o.cm. of the Boap 
solution. If when agitated the water goes milky without 
flocculent appearance, the water can be tested as it is. But 
if a flocculent formation is visible, the water is too much 
charged with salt and must be diluted by means of distilled 

k water, so that the diluted mixture has less than 30*^ of hard- 
ness. The test being thus made the result must be multi- 
' plied by 2, 3, or 4 according as the dilution has been effected 

by adding I, 2 or 3 volumes of distilled water. 
B It IB usual in particular work to test the distilled water, 
which should not require more than one division of the 

> burette of soap solution to set up a persistent lather. 
If this IB not BO, the correction to be made b x={n + I) 
— »tA, where a is the degree founds A is the degree of the 

distilled water, and - is the ratio of mixture, x is the true 
» 

degree of hardness. 

To determine the conatituenta of the water in carbonic 

acid, lime salt and magnesium salt, the following trials must 

Pto successively made : — 
(a) The degree of hardness of the natural water. 

(b) The hardness after depositing the lime by means of 
oxalate of ammonia. 

(c) The degree of hardneas after having eliminated the 
carbonic acid and carbonate of lime by boiling. 

(d) The degree of hardness after eUmination by oxalate 
of ammonia of the lime carbonate not precipitated by 
boiling. 

(a) having been found as already described, (6) ia found 
by adding 2 ccm. of (.'„th solution of oxalate of ammonia to 
50 ccm. of water. After brisk agitation and half an hour 
precipitation the filtered liquor will be free of lime salts. 
The hardness ia then found of 40 o.cm. 

Test (c) is made by first boiling gently for half an hour a 
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hesh sample of the water measured in a gauged bottle. Th^ 
original measure is tlien made up by distilled water and the 
whole filtered to clear the deposited lime salt. Then the 
hardness of 40 e.cm. is found. J 

Teat {d) is made by boiling and filtering 50 c.cm, of th^ 
water and adding 2c.cm. of oxalate of ammonia, which pre^ 
cipitateg what lim© has been left by the boiling. Again 
filtering the hardness of 40 com. is found. 

From the hardness c a subtractive correction of 3 is made 
for the lirae carbonate, which does not deposit by boiling. 
The corrected value is Ci=C — 3, ^ 

Then a is the total hardness made up of the carbonic acufl 
and all the salts of lime and magnesia. 

b gives the salt of magnesium and the carbonic acrd which 
remain after eliminating the bme. Then o— &=c^lime 
salta. ^ 

Ci represents magneHium and calcium salts other tha^^ 
carbonates, whence a— C, =e=carbonate of lime and car- 
bonic acid. 

d finally represents the magnesium salts. The tot 
analysis is thus — 

fl=COa = b-d =/. 

6=CaC0, = e-f = g. 

c=CaS04» etc. = A— gf ) 

or = c^ —d ) 
rf = MgC03, etc.= d. 



Total 



a. 



The results in degrees are convertible into grammes 
litre by multiplying by certain coefficients as follows :— 



Chloride of Calcium 
Carbonate of Calciiun 
Sulphate of Calciura . 
Chloride of Magnesium . 
CBrbooatfi of Map^wjum 
Sulpliate of MaRnesiiom . 
Chloride of Sodium . 
Sulphuric Acid 
Clllorine . . . . » 
Carbonic Acid 

40 



O'OIU 

€-oioa 

O'OUO 

o-oooa 

0-0125 
0-0120 
0-0f>R2 
OH)U73 
0-005 litre. 
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U&ualJy no greafe error will be made if all lime salts are 
Fassained to be either carbonate or sulphate^ and the only 
magnesium salt tUc sulphate. 

Then the above supposititious sample will contain :- — 

of CO3 g X 0-OOS litres 

Calcium Carbonate Ax 0-0103 grammes 

„ Sulphate IX 0-0140 

Magnesium „ dx 0'012S », 

Approximate determinations may bo made by weight 
ft-ith commercial alcoholic soap solution, finding as above the 
total and the permanent hardness, diminisliing the latter by 

I 3" as a correction and multiplying by 0-013 grammes. This 

^givea the sulphates and chlorides contained in 1 litre of 
water. 

The difference between the total and the corrected per- 
manent hardnesi? is the approximate weight in centigrammes 

tof carbonates in a litre of water. 

^ But a full treatment of water analysis is beyond the scope 
of this book. Readers who wish to gain further informa- 
tion on this point are referred to works on chemistry, and 
particularly to the French of M. A. Taveau.* 

TABLE III. 
SoLUBiuTv OF Gases and Salts in Water. 



^^^ Nurcie. 


Fijrmulji. 


lu- Wt. 


Solubility poF cent. 

at 0° 0. 

nnd at 100° 


Spociflo 
Gravity 


Oxygen 





16 


0'04 vols. 





Hyiirogen - 


H 


1 


U'02 


— 


Carbon 


C 


12 


— 


— 


Sulphur 


S 


3-2 


— 


2 


Water .... 


H5O 


18 


— 


1 


Carbonic ntiid 


CO4 


44 


1 S voIb. ftt OX, 
O'O „ M 20° C, 




Sulphufle aoicl 


H3OSO3 


Ofifl 


' — 


" 


Chlorine 


CI. 


35-G 


— 




Hych-ocliloric acid 


H.Cl. 


36-5 


: 


— 


Calcium 

k __ 


Ca 


40 


~ 


1>58 



■■ EpHrattQn dc9 Eaur. par A. Taveau, Gauthier-Villara, to whom 
tho above method is due. 
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^^H 


■ 


^^^H 


■ 


^I^H 


^1 


^^I^^B 
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A:^3D 
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^^f 


TABLE ni. 


{eontiruied) 


t 


^^^^^^ BOLUBIUTY OF GaSBS HHV SaLTS tS WaTEB. 




^^^^P NAins. 


Konnala. 




Solubility pOT o©Ht. 

at 0- C. 

ud at 100^ 


Specifin: 
Gt»vitji 


^1 Caustic lirae 


GaO 


5e 





- J 


^1 Limo liydrnte . 


CaOHaO 


74 


0*1 4-0 -OD 


" 1 


^V carboniito 


CaOCOa 


100 


0-0036 


2-7 ■ 


H „ bicarbonate 


Cn0.2C0a 


144 


— 


- I 


H sulphfite 


CaOSO-j 


136 


■0212-'0162 


S'B3| 


H aluminnto 


CftOAJaOa 


169 


— 


-| 


H chloride » 


CaCIa 


111 


400 




^1 Magnei^lTim 


Mg. 


24 


-^ 


1-74 


H Magnesia 


Mg.O 


40 


0*002 


3*2 m 


^^ carbonate 


MgO.COa 


84 


0-020 


2*94 ■ 


^^^H hydrate . 


Mg.OHaO 


£8 


— 


— fl 


^^^^1 sulpbate 


MgOSOa 


120 


24-7-130 


1-76H 


^^^H chloride . 


MgCia 


95 


200-^00 


1*5AH 


^^^H 








■ 


^^^^ bonato 


MgOHjO 

2(C03l 


146 


^" 


"■ 


H Sodium 


Na 


23 


— 


0*97^ 


^^ Soda, caustic 


HNaO 


40 


61 


S-13 


^^^H carbonate 


NajCOs 


106 


7-45 


2>G H 
2 ™ 


^^^H bicarbonate ■ 


HNaCOa 


B4 


7 


^^^^ chloride . 


NaCl. 


68*e 


35-40 


H Bulphate . 


NaaO.SOa 


142 


5-42 


2'e3 


H Fota^ium . 


K 


39 


— 


0^865 


H Caustic potash 


K.H.O. 


Be 


200 


2-04 


H Carbonate oif potash 


KjCOa 


138 


83-163 


0-28 


^M Sulphatfl 


KjOSOa 


174 


10 


2-66 


^M Bi'Oarbonate 


H.K.COa 


100 


20 


1-94 fl 


H Chloride 


K.Cl. 


74 


20-59 


^1 Dariura 


Ba 


137 


__ 


^M chlorido 


BaClj 


208 


35-60 


2-60 


^^^^^ oxide 


BaO 


153 


— . 


l-60fl 


^^^H hydrata 


BaOHaO 


171 


5-10 


^^^^1 aluiuinate . 


BflOAlaOa 


35S 


.„ 


^^^^P sulphate 


BaOSOg 


233 


Insolublo 


4-73 


^^^^ carbonaUj 


BaOCOa 


197 


IS 


"^ 


^1 Aluminium 


AI. 


27-4 


— 


2-6 ■ 


^m Alumina 


AljO, 


103 


— 


3-0 ■ 


H Aluminium 








■ 


H Sulphate 


Ala3S0, 


343 


33-89 


^'^M 


H Alum .... 


AlaK34SOi 


517 


9"ri-357 


l-7Sfl 


H Ai]LUXLonium 








■ 


H Chlorido 


HN,C1 


&3'5 


35-100 


-■ 


^m Garbonato 


2NHiC0a 


96 


20-volatile 


-I 


^1 Sulphate 


2NH4SO^ 


132 


66-100 


-I 


^^^ 


4S 


E 


^^ 


A 
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TABLE IV. 

BoiiJNO-PoiNTS OF Salt Solutions. 



Baiiiim Chloride, Saturated 
Pota^sium Carbonate „ 
Sodium „ 

„ Chloride 



C.» 



F." 



104-4 ' 220" 

135*0 i 275 

I06'0 I 222'8° 

108-4 227-1 



The following is the form of analysis asked for by Mather 
& Piatt in connexion with their Archbutt-Deeley process. 



PARTICULARS AND ANALYSIS OF IIARD WATKR. 



Source of Supply : 

PUBPOSES FOR WHICH THE SOJTENED WaTEB IS KeQUIUED : 

Analysis : grains per gal. 

) 



Total Solids (dry at 
Lime (Ca O) . . . . 
Magnesia (Mg O) 
Sulphuric Anhydride (S O3 
Clilorine (01) .... 
Alkalinity, calculated as Carbonato of 
Lime (Ca C O3) 



Remarks : 
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APPARATUS GENERALLY IN COMMERCIAL USE 



TO carry out the proceRB of water softenmg requires tT 
certain amount of apparatus, which must have space 
to stand in. The simplest and minimum apparatus consists 
of two tanks each holding as much water as will be consumed 
while the softening process is in progress in the other tank. 
In this simple system the reagent already prepared is added 
to the one tank of hard water and the whole thoroughly 
stirred up ^vith the deposit at the bottom. Some depoait 
must always be left, as it hastens the progress of sedimenta- 
tion. 

The tank is then left to settle, and the capacity of the tank 
in use must obviously be so great that it will servo the supply 
until sedimentation has cleared the water in process of 
softening below the draw-off point. Clearly shallow tanks 
are indicated, for a shaUow tank will clear more quickly than 
one of greater depth. This system demands considerable 
area and leads the engineer to seek for accessory Hieans of 
minimizing space. One such means is the floating take-off 
Or outlet. This consists of a jointed pipe and float arranged 
like a ball valve float with an opening to the tubular arm of 
the float, maintained just under the water surface. Let a 
tank 20 ft. long be supposed of such area that its level is 
lowered ^ inches by the demand for water, in the same time 
that sedimentation goes on to the extent of say 4 inches. 
Then in one hour after mixing the reagent there will be 
4 inches of clear water in the tank, and if the take-off is then 
started the sedimentation point will always be more than 
4 inches below the level of the floating outlet. A second 
idea to secure the same ead\vould be to use a number 
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tAnks superposed. There are obvious inconveni- 
tliis method, uot the least of wliich is that the mud 
space at the bottom of each tank must be nearly as great as 
that at the bottom of a deep tank. 

The problem is solved in practice by the Adoption of a 
oontinuotiH proceaa. The stream of water to be goftened is 
Hplit into two streams, one of which is turned through a 
vessel containing ciiustio lime. The water takes up a full 
d«s*! of this in solution and, passing on, reunites with the 
main stream in a suitable mixer which may be in the form 

ka trough with lateral divisions alternately projecting 
tly across the trough from the two sides and serving to 
n and mix the water, which then falls to the settling tank 
I may be drawn off by a float outlet at the extreme end 
of the ttink. Circulating currents are stopped by suitable 
(linphragms. Or the settling tank may be divided into a 

Cnber of shallow tray-like divisions inclined or horizontal, 
li of which serves to receive the sediment of a moving 
et of water only perhaps 3 or 4 inches deep. Sludge tups 
ire to blow out the deposit when sufficient. All the 
lUr apparatus sold on the market consists of some modi- 
»tton or application of these principles with a view to 
cting complete purification in a minimum of space and 
i«. Caustic lime can always be added in the way above 
ibed, for the proportion of water can be adjusted which 
by the lime tank* and if care is taken to provide 
[ excess of lime the amount carried off by the water will 
rays bo a certain fixed weight per gallon. 
B'w i*o<bi and the more soluble reagcnta a small tank of 
the sait solution must be provided that will run empty in 

riut thr time necessary, or some means provided so that 
a continuous process the correct amount of soda is 
a<lded. 

In some apparatus the chemicals of all sorts are added in 

state to the water by means of a measuring wheel 

ited by the water supply, the chemicals being mised by 

ilion before the water reaches the depositing tank. 

a carbonate water is first treated the curhonate of 

bparates out in a colloidal condition Like thin blue 
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starch, and this will pass through filters untouched. Later, 
and more quickly if heated, it begins to crystallize, and 
according to Professor Wanklyn, will settle through J incb 
of water in twenty-five minutes, and it requires eight hour* 
to settle 20 inches when cold. Mixing in old depoeit 
hastens the action, and it is a^i^^ted by bringing in 
freahly-treated water from below. 

Magnesia is even more gelatinous than the carbonate 
lime. Even with large apparatus some sediment fails fo~ 
deposit, and many apparatus employ a finishuig filtration of 
closely woven cotton bags, wood-wool or sponge, the most 
efficient being perhaps those in which the water flowfl up- 
wards against the liltoring surface, and the deposit is free 
to drop off by gravity or to be forced off occasionally bj a 
reverse flow. 

In mixing lime water about 97 grains of caustic Lime 
dissolve in water at 32°F. =0^ C, 91 grains per gallon 
59" F. = 15° C, 70 grains at 111=' F.=44° C, and only 
grains at 212^ F. — 100° C. According to the temperature 
of the water, so must the proportion sent through the Jinie 
tank be divided. Soda is recommended by Mr. Stromeyer 
to be best supplied by an iron pump from a tank in which 
from time to time a definite weight of soda is put with a 
defijiitc volume of water. Weirs, scoop wheels, cocks are all 
used, and the division of the supply to the lime tank may be 
made by a shifting plate of metal movable so that a different 
proportion niay be made to pass either side as required. All 
these and other detaik are found in some or other of tbe 
various apparatus described in Chapter IX. 

No matter what chemicals may be selected, the apparatus 
employed will be the same. The principle enunciated by 
Dr. Clark underlies the action of all, and all apparatus 
rej)resent9 after all different ways of carrying out tho same 
thing. 

In selecting a few only out of the many the author wishes 
to disclaim any intention of putting any apparatus forward 
as better than others not mentioned. Those described aw 
put forward as types or variants of a general design, and will 
appeal to users in proportion as their particular arrangement 
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or mechanism suits the oonditions which the UHcr may have 
to meet. 

It is necessary to state these facts, because there are a 
large number of apparatus, and this book is not a catalogue 
of the whole number, and in brief some few must be chosen 
for the purpose of description, and those selected happen to 
have most readily come under the author's notice at the 
time Chapter IX was written. 

The cost of water softening plant per 1,000 gallons treated 
per hour may be generally set down at £100 to £150, the 
smaller plants costing more per unit of capacity than larger 
plants. As with soft water a boiler may be worked continu- 
ously for long periods, it will be cheaper to lay down a 
softening plant than to put down a spare boiler, which 
would be required in the absence of the plant. Thus in every 
way the softening of water will produce a handsome return. 
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CHAPTER IX 



EXAMPLES OF WATER-SOFTENING APPARATUS 



The Archbutt-Deeley Process ^M 

IN tills process, in addition to the softening process their 
is a further treatment of the softened water with car- 
bonic acid gas for the purpose of preventing the subsequent 
deposit in the pipes of a peculiar gelatinous hydrate, which 
is found frequently to occur and chokes the pipes. 

To prevent this deposit the softened water is charged 
with carbonic acid gas produced in a coke stove, and the 
particles of lime or magnesia which would deposit in th* 
pipes are converted into bicarbonate^. The water is thereby 
again naturalized or it acquires a small degree of temporar}' 
hardness. 

For 3,000 gallons per hour or less one softening tank and 
a storage tank are necessary. 

For 10,000 gallons per hour not fewer than three tAi 
are needed. 

Hard water being turned into one tank, Figs. 1, 2, 3, the 
caustic lime and carbonate of soda are weighed out and 
boiled together in the little chemical tank by means of \m 
steam. The large tank having now filled to a gauge mark 
the inlet valve is clased and a steam blower or aspirat-or U 
put into action to draw water from about the middle height 
of the tank and deliver it through a horizontal perforated 
pipe placed about four-fifths down the tank depth. Into 
the pipes of this circulating Bystem the chemical solution is 
allowed slowly to run and the chemicalg are evenly diffused 
throughout the tank. This done, any alumi no- ferric is run 
in in the form of a standard solution. Air is then admitted 
to the steam blower and a three-way cock being reversed, 
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the air is discharged into the bottom of the tank through 
perforations in the lower Bide of a pipe laid along the tank 
bottom. This air stirs up the old deposit left in the tank 
for about ten minutes, and in an hour the tank mil have 
cleared to a depth of perhaps 6 ft. The water is then tested, 
by adding a few drops of a solution of silver nitrate to some 
of the water in a small white basin. 

If too little lime has been employed, the water will turn 
milky white ; if too much, a dark brown colour will be pro- 
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duced. Correctly treated water will show a faint straw 
colour, and so long as this is perceptible the less of it the 
better. Water is drawn off by a hinged floated pipe, 
into which, at the upper end, is forced by a eteam blow 
carbonic acid gas from a small stove. The gas is carried 
down the pipe, which is rectangular and fitted with bajffle 
plates, and re-carbonates the water in the process. The 
finished product is discharged into the small supply tank. 
A final test of the water is made by means of phenol- 
phthalein, which will turn pink in water containing free 
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alkali but remains unchanged if there is the least trace of 
carbonic acid in excess. Re-carbonating is not always 
necessary. 

The mud deposited in the softening tank is variously 
removed by a sludge cock, by sweeping it through mud dooR 
or by raising it with a steam lifter into a cart containing 
furnace aalies, which let the water pass and intercept the 
chalky mud. 

The apparatus described is made by Mather & Flatt» to 
whom L9 due the Table V., showing the estimated cost ol 
softening a number of different waters per 1,000 gallons. 

While some waters are eoatly to soften, it is well remarked 
that the costliness is often a measure of the necessity, and 
that it may still be cheaper to soften a bad water than to 
purchase water which may be little or nothing better and 
must stilt be softened. 

It is indeed a bad water that costs 3(?, per l,000gallc 
to soften and few public water supplies can be purcl 
for even tirf. 

In Table VI. are given the dimensions of tanks necc 
for various quantities of water to be treated per hour. 
figures are based on the conditions enunciated at the he 
of each division of the table. 

The steam used by the blower only raises the temperatv 
of the water about 2° F. and ia not all lost, for it retu 
more or less to the boiler. 
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TABLE VI. I 

Showing Number and Size of Tanks requibed for Vabiois 
Quantities, under Ordinary Conditions. 

Tank calculated to fill in twenty minutes, and to empty in twenty 
minutes into reserve tank, allowing ninety minutes for treating 
• and settling. 



Capacitv. 


Number and approximate Dimensloos 
of TankH. 


Hard Water 

Supply 
lequiTM 
per min. 
Gallons. 


Diotn. 
of Inl«t 
PipM. 


Oiom. 


GalloDB 

per 
hour. 


of 
OutM 
Pipe*. 


600 
1,000 
1,500 
2,000 
2,500 
3,000 


1 . . 7' 0' X 7' 0' X 7' 0' 
1 . . 8' 0' X 8' 0' X 8' 0' 
l..I2'0''x 8'0'x 8'0' 
1.. 12'0'x 8'0'xlO'O' 
1..12'0'xl0'0'xl0'0' 
1.. 12'0'x 12'0'x 10' 0' 


70 
120 
180 
240 
300 
360 


3' 
4' 

4' 

5' 
6' 
6' 


3' 

v 

5' 
6' 
6' 

r 



Each tank calculated to fill in twenty minutes, and to give continuous \ 
delivery, allowing ninety minutes for treating and settling. ' 



4,000 


2..12'0'xl2'0'xl0'0' 


360 


6' 


4' 


5,000 


2..13'6'xl3'6'xl0'0' 


450 


7' 


4' 


6,000 


2..15'0''xl5'0'xl0'0' 


560 


8' 


4' 


7,000 


2..16'6'xlO'C'xlO'0' 


680 


8' 


5' 


8,000 


2..17'6'xl7'0'x 10' 0' 


765 


9' 


5' 


9,000 


2..18'6'xl8'6'xl0'0' 


855 


10- 


5' 


10,000 


2..19'6'xl9'6'x 10' 0' 


950 


10' 


5' 


12,500 


3.. 15' 6' X 15' 6'xlO'O' 


600 


8' 


6' 


15,000 


3..17'0'xl7'0'x 10' 0' 


720 


9- 


6' 


17,500 


3..18'0'xl8'0'xl0'0" 


810 


9' 


7' 


20,000 


3..19'6'x 19'6'xIO'O' 


950 


10' 


r 


25,000 


3.. 21' 6' X 21' 6' X 10' 0' 


1.160 


10- 


8' 


30,000 


3.. 23' 6' X 23' 6" X 10' 0' 


1,380 


12' 


9' 


35,000 


4..21'0'x2r0'x 10' 0' 


1,100 


10- 


9* 


40,000 


4.-22' 6"x22'6'x 10' 0' 


1,270 


12' 


lO* 


45,000 


4..24'0'x24'0'xlO'0' 


1,400 


12' 


10' 


50,000 


4..25'0'x25'0'xl0'0' 


1,560 


12- 


IS- 


60,000 


4..27'6'x27'6'xlO'0' 


1,850 


14- 


IS' 


In cases w 


lero the supply available is ( 


>nly equal 1 


o the c 


emaod, 


larger 1 


.anks, or more of them than gi 
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The Criton Apparatus. 

ThtB apparatus is made by the PulHOmcter Engineering 

Ltd. 

In this apparatus the quantitieH of the reagents delivered 

meanured by thu dUpIacenieiit of plungers^ the stib- 

erged bulk of which can be acoiiratoly adjusted t-o give the 

required proportions of reagents to hard water, and cannot 

afterwards vary from any accidental cause. Neither tlie 

me water nor the softened water, before settlement, passes 

through ball valves or other openings liable to choke. 

The amount of reagent displaced can be varied in a few 
leeonda by means of the nuts which govern the submersion 
of the plungers. 

The proportion of reagents to hard water remains the 
same, no matter at what speed the plant is runj and the 
speed of the plant is controlled by a single valve on the hard- 
^wat«r inlet. 

H^ The reagents and the hard water are admitted at the 
^HBime time and place, and thorough mixing is thus secured. 
^ Complete removal of suspended matter ia obtained by 
, the use of a filter with a granular filling, 
^b This filter bed ifl cleaned by a reverse current of water, 
thus avoiding the trouble and expense of removing the 
dirty filtering material for washing or renewal. 

The attention required is that of one man for half-an-hour 
to an hour once every twelve hours, according to the size 
of the plant. 

Reference to the diagram (Fig. 4) shows that the hard 
water is supplied intermittently by means of a syphon trap 
in the upper float tank. 

A fioat in this top tank actuates a displacement plunger 
in the lime tank and a smaller plunger in the Uttle soda 
tank which is kept full of soda solution by means of a ball 
valve. 

The lirae tank which contains an excess of lime ia kept 
full by a ball valve, water entering at the conical base and 
rising through the lime. 

While the hard water is fi lling the top syphon tank the 
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lime and little soda tanks aro filled by their respective ball 
valves and when the syphon discharges to the mixer the 
float falls and depresses the lime and soda plungers and the 
chen^cals flow to tlie miser in even proportion with the hard 
water. The mixer discharges by a down pipe to the ba^e of 
the settling tank, stirring up the older deposit there and 

I precipitation is faoilitnted by this and by the precipitate 
constantly descending from theupflowing water. 
The settling tank discharges at the top into the filter. 



Th« Doultan Apparatus. 






In this apparatus — the low form of which is illustrated 
in Fig. 5^the hard water enters by a ball valve over a water 
wheel, which drives the stirrer at the bottom of the reagent 
tank. 

The day's supply of chemicals is placed in a hopper through 
which the reagent tank is filled from the stop-cock, thus 
forming a saturated solution, the supply of which is auto- 
matically regulated in the following manner : — 

The hard water flows from the tank containing the water 
wheel into the Regulating Box, thereby raising a float, which 
opens a valve and permits the solution from the reagent 
tank to flow in. The hard water and reagents then mix 
together by moans of the swirl made in the circular funnel 
leading to bottom of setthng tank ; there all impurities arc 
depMited. The softened water finally rising through the 
filter bed to the outlet. 

Should the supply of hard water cease or be reduced, the 
float will lower iteelf, and thus regulate the flow of reagent 
automatically in proportion to the water to be treated, as 
shown in Fig. 6. 

The reagent and settling tanks are provided with sludge 
cocks and pipes for cleansing purposes, and all working 
parts are accessible by means of the platforms and ladders 
a3 shown. 

Softeners have all the same action and are variously 
adapted according to the waters to be treated. The low 
shapes are designed for use where height is limited and 
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ground space available (or for special positions, such as on 
joists over boilers)^ whilst tlio tall shapes are for use where 
ground space is limit^ed and height available. These latter 
can be made to deliver at any height roquired, and the low 
shape can be designed to suit any available spaco. 

These softeners rrquire attention once a day for filling 

tin reagents, vrhich occupies very little time, and for which 
10 skilled labour is necessary. 
In the automatic cut-off arrangement just referred to 
^(Fig. 6) the hard water la delivered through the pipe M into 
^Uho regulating box Q and pafisea out through the shuta in 
^■front of same, in its passage raiding the float W and oon- 
"flequently opening the re^igent valvu L to an amount pro- 
portionate to the quantity of water passing through box G. 
KThe reagent is supplied through the pipe U and the tank Y, 
"the regulator N and valve L ; thus a definite quantity of 
reagent is supplied to a definite quantity of water, the re- 
agent faUing into the mouth of the shiite Q. They are mixed 
by being whirled round the standing outlet V, over whieh 
the water and reagent fall and are led by the pipe R to the 
bottom of the settling tank. 
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TABLE VTT. 








1 


Apphoximatk 


SiZEJIii OF DUULTON AiM'ABATU3, 


p 






LOW SHAPE. 










To Soflcn. 


Q round S}>BCB. 






Total Height 


3011 


galls. 


per liour. 


a ft. in, liy 5 ft. 





in. 


8 ft. hi. 


500 






10 ft. in. „ n ft. 





iti. 


9 ft. 3 in. 


800 






ItJ ft. in. „ 7 ft. 





in. 


8 ft. 8 in. 


U500 






13 ft. in. „ lO ft. 





in. 


10 ft. 2 in 


2,0fK) 






I.'i ft. in. „ 10 ft. 


n 


in. 


11 ft. in. 


4.000 






17 ft. in. „ 12 ft. 


(1 


in. 


14 ft. in. 


ll.OfMJ 






20 ft. ui. „ U ft. 

TAli 3HAPB. 





in. 


15 ft. -2 in. 


r 


To So (tea. 


Ground Space. 






Delivery. 


400 


galls. 


per hour 


R ft. 1) in. by 4 ft. 





in. 


10 ft. 6 in 


1.200 


,, 


,, 


ft ft. 41 in. „ ft. 


it 


in. 


18 ft. in 


2,000 


,^ 


,, 


9 ft. in. ., (» ft. 





ni. 


li:i ft. m 


4,000 


J, 


ji 


J -2 ft- 6 in. „ e ft. 





in. 


27 ft. in 


6,000 


■I 


'S 


13 ft. in. ., 6 ft. 
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The above sizea can be varied to suit any available posi- 
tion. They are given for softeners worked on lime and 
carbonate of soda principle, to serve as a general guide to 
the fioor space and height requirements of softening 
apparatus. 

The Guttmann System. 

This system (Fig. 7) ia worked by the Babcock & Wilcoi 
Co. of London. It combines heat treatment for dealing 
with the temporary hardness and soda to treat the per- 
manent hardness. 

The appniatUB congists in the main of a soda tank, a 
reaction tank, a filter box and soft-water tank which is so 
arranged that the drawing off of soft water regulates the 
amount of soda added to the incoming stream of hard water. 
The process Ls thus of the continuous order. The filter ia 
usually wood-wool. 

The apparatus can be used with any softening process, 
employing either lime, caustic soda, or other chemical ; but 
the use of carbonate of soda (alkali), or of mono-silicate of 
soda, is preferred. 

Either exhaust or live ste^m can be employed. When 
exhaust steam is avaiUible ttiis ia utilized for heating the 
water to a temperature of 180° F. to 200° F., thus effecting 
a saving in fuel consumption. A Hmall amount of live steam 
is sometimes reqm'red to bring the temperature of the wat«r 
up to boiling point. ■ 

The apparatus is thus a water Roftener and feed-water 
heater combined, the pure water being fed into the boilera^ 
at a high temperature. 

Grease contained in the exhaust steam ia trapped by 
wood-wool in the filter tank. 

The apparatus occupies space sa below — 



Quiuitily trcnU<d 


Lon^tli. 


width. 


Heigh I 


per Hour, 


ft. io. 


tl. in. 


(u iu 


300 Gallons 


. 13 10 


3 


. 7 6 


1.000 do. .. 


. 13 10 


3 B 


. 8 


3,000 do. . . 


, 18 . 


5 3 


. 10 6 


6.000 do. . . 


. 17 4 . 


6 3 


. 13 


10,000 do. . . 


6o 


7 6 


. le 
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WATER SOFTENTNO ANT) TREATAfENT 

As shown in Fig. 7, it consists of a tank A, into which the 
chemical required for tho day is put, and the tank is tbi 
filled with water. Underneath is the reaction tank B. 
hard water enters at E, the admission being controlled by 
valve which is actuated by a rod F, connected to the float 
in the soft-water storage tank K. A similar valve, con- 
nected to the same float, controls the admission of the 
chemical aolutioQj and between thia valve and the chemical 
tank a cock is interposed to provide for any variation in 
the strength of the chemical solution or in the composition 
of the water. The hard water and soda solution in the 
reaction tank are raised to boihng point, and at the same 
time thoroughly agitated by means of one or more steam 
injectors C. 

The water then flows over a weir into the filter tank 
which has divisions reaching alternately to within a fei*^ 
inches of the bottom and top, forming compartments, which 
compel the water to take a aig-zag course. A perforated 
plate H forma the bottom of each compartment, wliieh jB 
filled, as a filtering medium, with wood-wool compressed t^^ 
the required density ; a similar perforated plate being 
placed on tlie top of the wood-wool in each compartment. 
Below the bottom perforated plates is a settling chamber 
for the interception of sludge, which is removed by opening 
the blow-off cocks attached. Thus a free passage way is 
provided for the water^ which leaves the filter in a perfectly 
clear state and flows into the storage tank Kj from whence 
it can be drawn oS. ^H 

The following example shows the results obtained witlW 
East London water : — 



Teraporory liardneea 
Permanent ,. 

Tobal ,. 



Hard Water. 
praitiB ()«r i;;alLDD. 

- 3-1 

. 17-3 



Softcnod Wfttcr, 
ETttiiia tiior (laUon. 

3-7 
none M 
3*7 1 



Of the 3-7 grains per gallon 2-7 grains are further pre- 
cipitated by prolonged boiling in the boiler itself ; the 
remaining 1-0 grain represents the solubility of calcium and 
magnesium carbonates. 

62 



WATER-SOFTENING APPARATUS 

The following test is advised by the makers to show 
whether the proper amount of soda solution is heing em- 
ployed — 

A piece of litmus paper of neutral tint ia dipped into the 
last compartment, say, twice a day. Upon withdrawal^ the 
litmua paper should show a verj* faint bhie colour, indicating 
that the water is slightly alkaline ; if a darker colour is 
shown, leaa soda solution should be employed ; if no colour, 
more solution should be run in. 



The Baker Apparatus. 

This is an apparatus of the type which divides the treated 
water into numerous thin sheets for the purpose of reducing 
the distance through which deposit has to take place. 

Fig. 8 represents the apparatus in elevation. The hard 
water enters by the pipe A and passes on to the tank B 
which is partitioned and contains in one part the soda solu- 
tion^ and in the other part the hard water^ each compart- 
ment being provided with a valve which regulates the flow 
of liquid into the proportioning or measuring tank C. This 
measuring tank C baa four compartments, and receives a 
constant supply of (1) hard water to be softened, (2) of lime 
water, and (3) of Boda solution, the fourth compartment 

E^'^ing open to the flow of liquids from the three other com- 
rtmenta, but when the storage cistern is full {not shown) 
valve, operated by a float, closes at the bottom of this 
irth compartment. The closing of this valve stops the 
w of the liquids above-named until the level of softened 
water in the storage tank is lowered. The mixture of the hard 
water with lime water and soda solution immediately becomes 
turbid and paeses down two sides of the settling tank EE 
by the segmental spaces PP, the heavier portion of the pre- 
cipitate falling immediately into the cone H at the bottom 
of the settling tank, whence all deposits are discbat^ed at 
intervale by opening the flushing valve J. 

t After passing down the two spaces PP the turbid water 
isses up into a central space V and branches off right and 
ft, rising at an ai^le between the louvres of settUng plates 
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Fia. 8. The Bakek Suftej^eb (Baker), 

pair of plates, and the eettlement in even this small depth is 
darimed to be hastened by the attraction of the platee for 
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ihe partioles in auapeiisiou ; conse(j;uently the paswage be- 
tween each pair of settling plates is found to clarify the 
formerly turhul water, wliich then ptisaes upward through 
fibre filter R, finally passing out at the delivery pipe S, 
which may be connected either to a storage tank or to 
service pijiea. The preparation of Hnie water is effected in 
the vessel DD wliich is fitted witli a perforated tray at K 
upon which the linio ia phiced, and where it gradually dis- 
solves and is constantly stirred up from the conical bottom 
■f the vcissel by raeaua of a current of air and water wliich 
163 down by tlie pipe L. 
e clear lime water rises to the top between the external 
iylinder D and the internal cone, overflowing in a measured 
tream to the measuring tank C. A valve M at the bottom 
the cone discharges undissolved lime and other impurities 
which settle there. 




The Reisert Softener. 

Tlie action of thiw aj»paraturt will be evident from the 
illustration (Fig. a). It conHistn of a lime saturator S, a 

iBoda chamber N. a water-distributing tank B,, limo being 
slaked in the right-hand division. There in a reaction tank 
D and a filter F which is self-cleansing. The conical ahape 

Fof the veaael S ensures a quick mixing action of the water 
which enters by way of the pipe V and a slow final move- 
ment which enablea undissolved lime particles to settle 
back and leave the effluent clear to flow by the pipe W to 
tlie reaction chamber D by way of the mixing pipe E. 

I The soda apparafu^ N acta as follows. VVbereaH lime 

Idissolves only in a dclinito proportion, there ia almost no 
limit to the aoluhility of soda. A quantity of soda, there- 
fore, that will -suffice for one day, is dissolved all at once in 

I the chamber N. The action of the soda apparatus is based 

ron the fact that the soda solution has a greater specific 

, gravity than water. 

The water flows from the distributing tank R tlirough 
the micrometer valve M — which ia adjusted in accordance 
with the amount of soda required — into the soda chamber N 
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and remains aiumja on the surfat'c. of Ihtt mda 'Holuliuft- (no 
mining occuTs) aud dlnplaces tlio btiiiie, through the atna 
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^pft is aUto provided witii an overtiow pipo. It 18 further 
provided with three mic^romi'kT valves at an i^qual hfight, 
tirst P for the inflow of tlie uutroatcd watwr, tJie second V 
for the lime water, and the third M for ttic sochi chamber. 
iBy arranging tliese throe valves at an equal height, tfie 
[quantities of water Howing from tliem are alwayH propor- 
Etionate or simultaneous and eeane flowing in the event of 
ftht water HUjjply ceasiug altogether. 

From the lime-dakiinj divi-'^hn K^" the lime paste is con- 
[veyed in hulk to tUi; hottuni of the hme-aaturator IS tlirouyh 
[the short dfjicniling pipe. 

TJie reM'tiijti cftambtr D tlius receives, through the pipe E, 
Ithe Uiitreated water* lime waiter and 8odu water. 

Tile water now overflows via the pijMJ H into the Rltwr 
[chamber F foH owing the course of t}ic arrows downward 
Ithrough the filter hed a.iid upwards throuj^li the i>ipe T into 
ItJe reserve tank X. in itH course keeping constantly full the 
»11 tank X' . The height of the column of water in tho 
H will vary with the rewi.stanee of the Hlter bed, and 
ts the latter becomes foul the water will rise higlier in H. 
^Similarly it will ris^e to an equal height in the amndar pijie Q. 
Within the pipe Q a jiipe L iw arranged aH shown, and an 
soon as the I'tiali^taDce through the Alter bed reaches such a 
point as to cause the water to overflow tlii« pipe L a aypuoN 

I action is started, and instantly reveiiies the currt^nt tlirough 

Btlie filter bed, drawing baehwards the clear water held 
^in the small tank X* and tlius automatically cleansing 
the filter, the sediment being discharged at L into the 
guUey A. The small tank X' is propottioned to hold suffi- 
cient water thoroughly duwh to tho filter F and as soon as 
the tank is empty air enters via the pi]ie T and de-^troys 
Hthe syphonic action. Tho filter then resuniCH its normal 
action and so cfmtinueH until tlic fouling is again such an to 
cause the pipe L to overflow when the cleansing action is 
repeated - 

The filtering material does not require renewing and never 
rears away. 
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The Bruun-Lowener System. 

In this apparatua thu uattT to be treated is led by a pi] 
into one of tliy chambers of an usciliatiiig receiver C 
^ . When this chamber is filled the receiver tips aver, pouring 
its eontcnts into the intermediate tank B below, and bring- 
ing the other chamber of the receiver below the orifice of the 
jjipe K. Above the oseillating receiver is a semi-circular 
tank D, eontabiing the chemiealSj and in the bottom of tliia 
tank in a valve througii which the chemiealK fall into the 
chamber of the OHuillatiug receiver. The receiver at every 
oscillation actuates the va.lvc in the bottom of the tank 1) 
through a system uf levers. Thti lift of the valve is regulated 
by two nutH fixed on the vsUve spindle, ko that a given 
quantity of cbeniiciils can be mixed with the water. 

The linie milk in this apparatus hiis a strength of 10 per 
cent. ; the lime water used in other apparatus has only an 
average strength of 0-13 per cent. ; the lime milk therefore 
has a strength of nearly 100 times tluvt of the lime water, 
making it possible to reduce tlie .size of the tanks contaiuing 
the limo in the sanic i>roportion. A farther advantage 
claimed for lime milk is. that a cert-ain quantity of fre*h 
burnt lime is mixed with a certain quantity of water, a 
Bolution being obtained the strength of wliich is always 
known. 

In order to keep the lime milk In constant motion an 
agitator is fixed inside the semi-circular vessel containing 
the chemicals, and the osoillation of the receiver C is utilized 
for driving the agitator. 

The water and the chemicals in the mixing tank B art 
kept in motion by means uf a plate S, fixed to the bt>ltom of 
the receiver C. The mixture then passes from B into the 
heating cliamber H, which is provided with a sttam mrzzk 
for either live or exhaust steam. The water is generally 
heated to a temperature of about 150** F. to facilitate the 
precipitation of the foreign matters. Where steam is not 
available the water can of eourse be treated cold. 

From the heating chamber the water passes through the 
by-pass pipe G into the settling tank At where precipitation 
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'through the filter I, which is filled with wood-wool, packed 
tightly between two rowa of wooden bars. The filter can 
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be taken out and cleaned by removing the top bars, and tlie 
filtering material can be usod over and over again, after 
having been properly cleansed. A sludge cock P is pro-^ 
vided for drawing off the deposit, 

The softened and purifiod wnter coming from the filter 
flows into the storage tank O at the end of the softener and 
i.s drawn tberpfmm. The flow of watt^r to the oscillating 
receiver is regulated by means of a high prLsaurr bail valve I^ 
fixed on the pipe K. 

The Desrumeaux Apparatus. 

This apparatus (Figs. 11, 12) consists of three pnrtft, v\z„ 
a aaturatoj', a sothx or reagent tank and a settling chain Ix-r, 

The saturator is usually a, eylindric.il tank into which 
portion only of the water is admitted. It contains a mixo 
actuated by a small water wheel driven by the water to be 
softened. The lime water is supplied^ therefore, fully satur- 
ated with lime, for the water to be saturated rises up throuph 
the lime and past the rotating mixing blades or arms. 

Ttie aoda tank is fitted with a device which scoops up 
definite fpiantity of soda, fiolution to suit the amount 
water paswing over the ^mali water wheel. Thr lifter bein 
worked by the wheel is thus automatically rogiilnted, The 
mixed water finally passes to the base of thn t^ettling tank 
and travels upward l)etwcen the blades or plates of multiple 
spiral conea arranged at such an ^ngle that the deposit will 
slide down the blades and drop to the base nf the v'e«9i 
whence it h discharged. 

The illustration (Fig. 12) makes this more clear than 
words. The correct action depends simply upon the diver- 
sion of n suitable proportion of the water through the lime 
tank and the correct regulation of the Roda lifter. Once fixed 
the process should continue correctly so long as the quaht; 
of the water remains constant. The mixing of the twi 
waterH takes place in the vertical central tube of the settli: 
tank. 

A filter of \i'ood-wool is placed at the top of the setlli 
tank to remove the last trace of deposit. 
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The action of the plant is as follows : — A definito amount 
■of lime, which is ascertained by test, la placed in the lime 
tank and slaked. When thoroughly slaked this is let down 
to the bottom of the aaturator, through a valve on the lime 
tank. If the water requires soda treatment a certain weight 
of 8oda ash 'i3 placed in the soda tank and dissolved. On 
the water being let into the distributing tank, part is diverted 
into the cup on the top of the central tube of the Haliirator, 
whence it paaaea to the bottom of aaturator and rises through 
the lime. Aa more water enters, the water gradually ri^ses 
in the aaturator, until it overflows at the top as clear satu- 
rated lime water, which passes by a trough into the central 
tube of the decanter. The remainder of the water which 
enters the distributing tank falls over the water wheel, thus 
actuating the lime agitators at the bottom of saturator and 
alno the Hoda delivery gear. This water then fallM down 
the central tube of decanter where it beeame.M intimately 
mixed with the lime water and Koda solution. On reacliing 
the bottom of the decanter it paa^irs upwards tlirough the 
settling platew, and througli the filter, and tiowK out sit the 
top ready for use. The greater part of the precipitated 
matters is depoaited on the settling plates, whence it gravi- 
tates to the conical mud chamber, from which it can be 
removed by opening the purging valve. 

The apparatus treatf* the water cold, and is continuous 
in its action, and special note in made of the ease by which 
the pre<*ipitated matters and waste lime are flushed out. 

Average London water u-sually costs in reagents about 
(>*5 of a penny per 1,(HM> gulloas treated. 

Average London water ia practically filtered Thames water, 
some of the supplies being considerably reinforced by water 
from chalk wells. 



The Stanhope Water-soflening Apparatus, 



■ The Stanhope apparatus (Fig. 13} is one which camea 
out the continuous process and ia arrtingcd for automatic 
regulation, the ^-later supply being divided into suitable 
fproportioiia before passing through the reagent tank or to 
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the mixing tank. Thus the reagent Bolution is saturated 
Ume water and the soda solution is measured off by the 
lime-mixing gear which is driven by a water wheel actuated 
by the actual water entering the apparatus. This wheel 
keeps the lime constantly agitated and ensures saturation 




Fia. !3. The Stanhope Softeneh {The Stanhope Co.). 



of the portion of water which flows through it. The lime 
mixer ia a nmall pump-chain, as shown in the illustration, 
except that in the present type of apparatus the up-running 
chain is inside a pipe and is thereby more efficient. 

The water from this and from the soda tank falls with 
the main supply into a mixing vessel and some of the deposit 
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there dp|i(>sitod, the water thence flowing to the base of 

the settling tank, up wliieh it slowly rises through the per- 

grated eonea which are steeply inclined so as to p}ied the 

lepoflit, which they receive, towards the central tubes wliieh 

:>nvvy it to the Ijase of the vpHsel. Above the cones ia a 

liter box of wood-wool. 

The ground area occupied by the apparatus is approxi- 
lately as beiow :- — 

."iftn ;en]l*m-'* por hour fl Fl . x Ii{l.\ For amnll type 

l.'>^ .. ....... lift. X nft. I plant, reoliiiip- 

^2.0lHt . . , , 14 It. X SllA ular tinikK 

^2,f*on . . . . U U: X R ft. 1 , . , i 

Ua^i'Ofi Hit. X inhA ';™"'" 

^t)/H)n on ft, X 20 ft, I tajiKs. 

H Tlic figures of cost given by the Stanhope Co, are that 
^Bacli dcgrcip of hardness destroys 1*7 lb. of best hard soap 
Hper l.OtHI gallon?^, in addition to the soap that really does 
^rauty a.s a detergent. Wanliing of a fabric doej^ not take 
place, in fact, until the water lathers freely and to produce 

»he beginning of a lather destroys tlie ohove amniint of soap. 
One pound of lime will Hoften aa much water as 4^ lb. of 
oda carbonate, or 17 lb. of hard soap. 
The relative cost at ordinary prjeea, iw :— with lime, I ; 
^3oda carbonate, TtO ; sotla hydrate. 30 ; snap, r»tMV 
B Not only is soap costly, hut the product it forme ip a Bcum 
"and cannot be removed by Bpttlement. It ift also stieky 
and disagreeable. 

A water of 16° of hardness can be softened by lime and 
soda to 3" for an a\^erage cost of one penny per 1,000 gallons. 
This would cost 3.?. 0(L in soap. 

London water requires 20 lb. of soap per 1,000 gallons 
more than the water stipplied to Glasgow or Manchester 
and other of the northern towns. 

The soda is regulated neither by a cock nor by a dijjper. 
A small portion of tlie hard water passes hy a special noKzlc 
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hydrometer in a second compartment of the soda tank ; 
according as the soda solution (which nms out past the 
hydrometer) is strong or weak, the hydrometer tilts the 
outlets so that the water either goes direct to the solution 
and dilutes it or goes direct to the soda and so strengthens 
the solution. The effect is, that the soda solution is always 
of the same effective strength, the requisite strength being 
determined by weights on the hydrometer. 

The Wollaston Apparatus. 

In this apparatus (Figs. 14, 14a) the process is continuous. 
The hard water is delivered down a cascade or modification 
of a salmon ladder and preferably meets a flow of exhaust 
steam which helps to facilitate the chemical reactions. The 




Fio. 11. Wollaston Apparatus (Diagrammatic). 



reagents are fed, as is also the total water, by means of 
pumps geared together to a suitable speed. The mixed 
waters fall on a centrifugal mixer A and then descend to 
the base of the settling tank and away by the pipe B to the 
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to provide the nuclei which are found to facilitate tlie 

-crystaUization of freshly formed deposit. 

I In a modification of the Wollaston apparatus the same 
pump forces water to both the lime solution tank and to 
the Mixing tank, through a valve that is so geared to the 
pump that for each 100 strokes any dej^ired proportion of the 
strokes deliver entirely to the lime tank and the remainder 
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permanent hardness, U put forward a« occupying little 

loe. A capacity of 100,000 gftUoas per day calls for a 
foor space 18 ft. by 10 ft., und a height of 18A ft. 

The operation la of the continuous order and automatically 
ijutjts itself upon the opening of the water-siupi>Iy valve. 

The mixture tanks at the toj) of the apparatus (Ftg. 15) 
re in duplicate, the mixtures being prepared in one tank 
while the other is being u^^ed. The prop<)rtion of water 
liverted to the reagent tanks is detiided by thti size of the 

szles, the How ilirough whteh is kept uonntiuit by the 
instant head maintained in the tanks by ball Hoat valves. 

The Paterson Water Softener. 

Tlie Patei^on Engineering Ojinpaiiy are the makers of 

jthe water softener (Fig. IB). Lime and soda are tlie soft' 

tning reagents uned. The hard water entei>; through an 

ilet controller into an automatic chemical 3U|»ply apparatus, 

which it is measured eontinufflialy. in its jjiiwsage through 

narrow vertical discharge ■weir, described hiter. Along- 

lide the main re-action tank there is a lime water stiturator. 

The measured water neecyMary to form the lime- water pasaes 

jown the central pipe to the tapered bottom of tlie saturator, 

Liid in its passage upwani througli the cream of lime, with 

phich the conical bottom has been charged from the slaking 

ink carried overhead, it bccomcw a clear saturated solution 

of hnie, and as such flows into the mixing box. The supply 

of soda is drawn from the f?torago tank by a floating outlet 

and thence through a ball valve to the chemical supply 

pparatus. 

The hard water, soda and lime water are mixed in the 

lixing box, pass down an external drop pijje, shown datt<'d, 

Wid thence into the precipitating chamber, tangent lally. 

lere the precipitation of the hulk of the impurilieH in facili- 

ited by dividing the water into thin iilniH ttver a series of 

iclined settling plates. The aemi-purified water then 

passes upwards through a preliminary strainer of wood fibre 

^ntained in the annular space between the quartz-sand 

Iter and the shell of the main tank. 

The quartz-sand filter is for removing the laat trace of oil 

79 



WATER SOFTENING AND TREATMENT 



initVDrHAPbWATt* 




WATER-SOFTENING APPARATUS 

"ttrtd finely auwpended matter. The filtering medium em- 
ployed is a specially prepared quartz silver sand resting 
upon a bed of fine pea gravel. The filtered water is drawn 
off by a large number of finely perforated gun-metal Htrainers, 
screwed into the manifold pipe system leading to the. pure 
fcrTrat^r outlet. 

The filter bed is cleaned by reversing the current of water 
through it^ the impurities overflowing into the annular 
itter, and theuce through a waste pipe lo the drain. An 
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Fig. itix. Detail oy REGCXArufc Apparatus. 

fair comjjreasor assbtH this process, by thoroughly agitating 
[and aerating the filtering medium. 

The automatic chemical aiipply regulating gear is shown 
I enlarged in Fig. I6a. 

The hard water entera the chamber A through the inlet 
I control valve operated by the large float in the mixing box D, 
[passes through the perforated plate B, which frees it from 
[undue agitation into the measuring chamber, in the side of 
I which is a long narrow vertical discharge weir C. It is 
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obvioua that the level of the water in this uhamhcr bears a 
definite relation to the amount of water passing through. 
The weir being long and narrow, gives a large range of motion 
to the float E, which rides on the surface of the water. Thi? 
float is comnterpoised by a balance weight, to which it is 
connected by a flexible cord passing round and fixed to tbe 
motion pulley keyed to the crosa spindle, from which the 
needle valves G and G' ai'e hung, which control the supply 
of softening reagents. 

Theae needle valves are caiefully calibrated, so as ta 
ensure that the ratio between the amount of hard wat^r 
discharged by tho weir C, and the quantity of roagenU 
added is a constant at all variations of the load. The pro- 
' portions of the reagents, however, can be varied to suit 
the nature of the water, by adjusting the floats of the ball 
valves, BO as to increase or dinkinisli the head of solutioo 
above the valve seats. 

The valve G' in the cliamber H' regulates the supply <rf 
water to the lime aaturator, from ^vhich it overflows to the 
mixing box as a clear saturated solution, whilst the valve G 
in the chamber H controls the supply of aoda solution, the 
head of solution in these tanks being maintained at a con- 
stant level by the ball valves, connected to the &oda tank 
and the main water inlet. 
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DKTARTARIZERS 



PART from fcht; cljian of water sof tenors which employ 
heat and soda, on ordinary sof toning operations, 
ihvrc is a cla«« of apparatus known a-j dtturtarizers, of wliieb 
one of the best kno\ra type is the ChevahH Boby {Fig«. 17, 
18). It consists of a cylindrical \o9hoI built up of sevural 
iilar sections, usually Hvc. Each tray is pierced hy 
ircral pipes or cones, whidi dip btOow the water in the next 
tower tray. 8team, preferably oxhauHt, clrctdatcM in the 
tiic (lirtHrtinn as the water — viz.. downwards. Cold water 
admitted to Ihu up]>er part of the apparatus, Hteam also 
entering the same top compartment. Both escape by the 
rerflow tuydre to the tray below, and tliis continues all the 
fty down, the .st-eam being \\ell niixed with the water, Tho 
various trays and cones adhere to the lime salts, which 
separate out of the heated water^ and any oil not previously 
removed from the steam goes into tho deposit. 

The non-condenaed steam escapes from the lower opening 
by an outlet pipe, and a float in the lower tank reguhitcs tho 
udniiiiHiun of the cold fresh water to suit tho demand. 

In the Delhotel purifier the steam and water travel in 
onntrary directions. In the Buron purifier water is fed in a 
nhowcr through the steam, which is also made to escape by 
way of dip pipes extendiiiig below the water surface, which 
is kepi to an even lieight by means of a float in the draw-off 
vessel. 

The (Jranddomange detartarizer is built up also in sec- 
tions like tbe C'hevalet, but the pasfMigo down\i-'ards of steam 
and water is by way of tho circular rims of the various trays 
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tlieir traya and tuyeres, are made so that they can be com- 
pletely dLsmantlecl for cleaning when & sufficient accumula- 
tion of scale has taken place. Such accumulalions are not 
idifticult to move when attacked fresh and wet before they 
Bhave had time to dry or to abaorb carbonic acid from the air. 
H They all act on the principle that at 100^' C. = 212" F. the 
^Eexcess of carbonic acid which keeps lime carbonate in solu- 
^Btion, is given off, and if lime sulphate is presont the addition 
• of carbonate of aoda Bcrves to convert this into lime cnr- 
bouate, whicJi deposits, and soluble sodium j^ulphate. 





Frm. IS. DeTIAIL OW Tjiats, ftHkVVI.KT BoHV DKTAJlTARIZBia. 



They find their chief field where steam engines work non- 
condensing, or where there are no flue feed heaters. Even 
where thewe arc present there nppear reasons to consider tlmt 

tthe detartarizer might bo advantageously placed between 
two flue feed heaters, one of whieli should lie fed with water 
at 100'^ F. from the condenser, and the second Hhould be 
fed with water at 212° F, from tlie intermediate detartarizer, 
which receiving water at perhaps 180^ F. from the first 
heater, would add sufficient steam to raise the temperature 
to 212*" F. for causing deposit, and so saving the formation 
3f scale in the second section of the flue heater. 
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The Pftteraoii feed-water heater and purifier, shown m 
section Fig. 19» is deaigned to utilize exhaust steam for 
raising the temperature of the feed water. The steam enters 
at the side of the heater, and rises to the top through a series 
of settling and Bcale-arreating traya. The hard water ia 
admitted at the top through an automatic inlet control valve 
to the distributing box, from which it paftses to the upper 
settling tray, over the edges of which it ftowB in a thin film, 
adhering to the underside, and thence trickling In a fine rain 
into the next tray, and so on through the series ; aa a con- 
se-quence the water is brought into intimate contact "with the 
exhaust steam, and ia rapidly raised to a temperature of 
212^ F. The carbonic a,cid ga,s is driven off, and the scale- 
forming salts deposited in and upon the trays. 

After leaving the trays the water passes to the precipi- 
tating c!)amber, where the great bulk of the impurities ia 
depoiiiited, and thence to the quartz-sand filter bed, where 
purification is completed, and from which the boiler feed is 
drawn absolutely free from any trace of oil or suspended 
matter, and at a temperature of from 210"^ to 212° F. 
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FILTERS 

SPECIALLY where space is limited the complete pre- 
cipitation of tlie lime salts separated from a treat«^| 
water is not always possible by the method of settleinen^^ 
A certain amount of the finer deposit is sometijQes earned 
forward, and if it is desired to remove this filtration must )^| 
resorted to, ^^ 

Filtering material must be easily permeable to wattr but 
of such a nature aa readily to pick up the fine particles of 
deposit. One such material is the common sponge of tiif 
Bahama Islands ; another i.^ wood-wool, produced from pine 
wood, a material much used for packing purposes and verv 
cheap. It is produced by some process which leaves it v^ry 
roughs and it offers therefore an immense amount of .surfatw 
for catching deposit. Broken coke may also be employed 
aa a filtering medium. Other fitters are made from flat 
bags of closely woven cotton canvaa held in frames between 
supporting flat plates of perforated metal, 

In an ordinary filter of sponge or other filling it is con- 
venient that the water should enter below and paas upward 
through the material. For this purpose the baae of the 
filter ia simply a free space into which enters the water. A 
hopper bottom collects sediment, which can be run out b}' 
a sludge tap. The upper boundary of this base piece ia a 
perforated plate or a grid awpporling a dejjlh of a few feet 
of filtering medium which is held down by an upper plate or 
grid. At the top is the outlet. In order to cleanse such 
fiJters the course of the water is reversed and the dept^it 
collected on the sponge, etc., is washed off and dis 
through the sludge tap. This type of filter is not considei 
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suitable for more than mechanical filtration, or simply to 
follow up the action of depositing chambers. No doubt a 
very cheap filter could be arranged in a t-all storage or 
depositing vessel by hanging a grid below a second grid 
by me^ns of rods coming throngh to the top of the tank. Be- 

'een the grids would be a maas of wood-woo!, and cleaning 

luld be accomplished by agitating the material by raising 
and lowering the lower grid so aa to cause the deposit to be 
washed off the fibres, this being done when no water ii^ pass- 
ing through and the agitation can be followed by a period of 
j"est for the deposit to sink away from the filter grid. For 
ordinary boiler-feeding purposes no aeriou8 harm occurs 
from such fiimall quantities of carbonate of lime deposit as is 
carried through to a boiler when the softening apparatus is 
of ample size. Some deposit will even be found after filtra-^ 
tion through cotton bag^. These bags, when choked with 
sediment, can only be cleaned by removing them from their 
frames and washing out in water, the bags being turned 
inside out. 

For large supplies of water a dirty or muddy source may 
Le made bright and clear by the aid of large ^and filters of 
the type employed by the water companies. These filters 
consist of large tanks or dams with evenly sloped bottoms 
on which are l.'iid lineB of perforated or open jointed pipes 
buried in a layer of large stones. Above this follows layers 
of smaller stuff in gradually decrea^iing size, the top layer 
being several inches of sharp sand. JYom the pijiea ascend 
above the top sand a number of air- vent ])ipey to allow the 
filter bed to become full of water. Slow downward move- 
ment through the ^and ih permitted, and the dirt remaina 
beliind on the jsand, the suri'acc of wiiicii is scraped off from 
time to lime as it becomes ehoketl rikI inoperative. The 
8Craped-off aand is washed for use again and again. 

This filtration only removes susjieniled matter and bac- 
teria. It does not abolish the neces.'^ity for softening, but 
the Hoftening process may cause the deposit of mud carrird 
in suspension, Occa^iionij will arise where preliminary filtra- 
tion may he an advantage, or where being present for other 
reasons may be utilized. 
: ^ Hg 
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It is customary to allow one square yard of filter bed for each 
700 gallons per twenty-four houre, but this allowance must lie 
increased for very muddy waters, hence the advisability <A 
settling pond;^. From 3 to 6 inehes per hour is a suitable 
downward rate of flow through the filtering materiala. and 
9 inches of head of water should produce a sufficient pressure 
to do this when the filter is clean, and when the head reaches 
24 or SO inches it is time to clean the surface. 

A usual depth of bed is tt feet, made up of 30 inches of Sbp 
sand, G inches of coarse sand, 6 inches of shells and 30 inchw 
of gravel. The open joint pipe drains are in lines every 2lo 
3 yards, and an air pipe is provided for each 9 to 10 »quarp 
yards of area. The sand surface is lightened up witli forV-^ 
at each cleansing to correct any hard packing. 

Where large quantiti^ of water are required and there k 
ample ground space available, a settling pond may wilb 
advantage precede the filt-er proper. The dirty water i-< 
first pumped into the settling pond, one end of which is 
divided off by a wall within which the pumped water lie- 
comes quiescent. It escapes thence over the wall into tlie 
main division and is taken off preferably from the surface 
at the extreme end. When possible a shidging drain lA 
provided to remove accumulated mud or the tank mu8l be 
periodically emptied. It is therefore better to have settling 
ponds in two parts if the water carries much mud. 

The settling tank eases the duty of the filter. Needle® 
to say such settling tanks may even be the sediment tank of 
the actual softening process, but for the present the filtra- 
tion of a water supply is alone under consideration. A 
settling pond may be filled by pumping, or it may have 
direct supply from a river. They may be wholly exravated 
in the ground or wholly miBcd above ground. A very cheap 
type of partly excavated tank has been constnicted by (ho 
Author as foUown. First the foundation of a brick wall has 
been liug nut tn a depth of about 3 feet 6 inches, and a wide 
bed of good concrete filled in on which a brick watll of IS 
inches has been built in cement mortar up to the groiuid 
level. Above this the thieknesa is reduced to 13 J inchee. 
A collar joint of neat cement is run round every course. As 
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the wall rise-s in height the interior of the tank is excavated 
and the material tipped and rammed outside the wall. If 
the calculations are properly made tlie earth excavated will 
stiffice to form an outer tlat-topped sloped bank to assist the 
stability of the brickwork. The concrete foundation being 
now exposed inside the tank ia washed clean and the tank 
bottom laid in concrete to join up to it- The whole interior 
Is rendered in sharp wand and cement mortar and fininhed 
smooth with a finer and richer coat thinly applied on a well 
scribed surface, 

Tlie outlet or aludge pipe is placed solidly in a concrete- 
filled trench and curves np to finish flush with the tank 
bottom. The outer earth slopes arc grassed over. 

Wliere a brick wall must be depended upon to retain 
water, it should not be leas than 14 inches thick at the top, 
and should be built with a collar joint of cement mortar. 
The base thickness should be at least two-thirds the height, 
to rie^ist the overturning moment, which ia found by the 
formula P = 10"! H' ; where Pis the pressure concentrated at 
one-third the depth of the water from the bottom, and H ia 
depth in feet, P is thu8 the overturning moment in foot- 
ounde, and should not exceed one-third of the stability, 

he etabiJity is the product of the weight of a foot length of 
"Wall into the distance from the outer toe to a perpendicular 
let fall through the centre of gravity of the eeetion. Thus 
Sn a pond 6 feet deep the overturning moment is 2,240 lb. 
If the wait is 2 feet thick at the top and 4 feet at the base, 
and battered equally on each face, and has a wei>^ht of 150 
!b. per cubic foot, its stabiUty about the outer toe will be 

X 150 X 2 X G = 5.400 foot-pounds, an amount tlmt is 
80 nearly suflficient tliat it would he n^ade obvioiisly safe by 
reducing the top to IS inches antl thickening the base to 

feet inches. Sometimes division walls are built in the 
'eservoir, dividing tt into several .sections, through w^hich 
the water flows in succession. 

The graphic method of determining the stability of a wall 

shown in Fig. 20. 

Let P be the overturning moment = 10-4 H' acting at 
ne-third the depth of water from the bottom. 
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Let a 6 = P to any convenient scale. 
Let rt c = W to the same scale as a b, where W is the 
weight of a foot length of a wall of the section t f g h. 

Then a c must be drawn vertically through the centre d 
gravity of the figure e f g h. 

Complete the rectangle abed, and join a d cutting the 
base of the wall at v. Then A n muat measure more than 
one-third of h g, or the wall will be of too low a stability. 
If A 71 is found to be lesa than one third of h g, the wall 
section must be increased and a freah calculation m»de. 
Obviously* if batteretl un the outer aidcj the centre of gnivilv 
may be brought nearer the water face, and stability aecurwi 

more surely than by the 
. J battering of the inner wall. 

It is, however, to be nv 
nscmbered that a batter 
on the water face transfers 
aome of the weight of thr 
water itself in a downward 
direction and IieljKS the 
stability. 
1 1 i«t most 

that joints in 

work should 
Hence the advantage of 
eement rendering of the 
wnt*ir face. Otlierwiae 
water pressure getting in between joints may assist to 
overturn a wall. 

Large tankw can bo built in a minimum of space of cast- 
iron plates bolted together with internal or external flatti:f^ 
Thesp are often renrleivd water-tight by ni8t cement ]w\\\> 
Tank plates \vith macbined flangeji can bo jointed with tliin 
painted brown paper, and puch plates with suitable Uig8 for 
internal stays are now made by Mather k Piatt in Htandar 
Bizea for tanks of any desii*ed siae or shape. 

An ordinary sand filter bed is rectangular in shape an 
about 8 feet deep, with a bottom gentlj' 8](>]ie<l to a eentr 
channel covered with flag or filled with big stones. Th 
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Icroes drain pipes run to this central cbantiel, but 8ome prefer 
Ito cover the whole bottom with large stones in place of using 
jpipeSt as they consider the percolation more even, Others 
lagain cover the whole lilter bottom with drain pipes packed 
Jin pebhie gravel. 

The actual filt^rnig sand is best when 0*008 inches in 

diameter, the limits of size being preferably 0*005 to O'OI. 
I Practically all filtration is done at tlie upper surfacPj and it 
[is claimed by sonic that no real filtration takes place until 
Ithc Hurfaco haH aciiuircd a sort of gelatinouti vegetable 
vth over it. It ih gent-rally agreed that until this growth 
Pis formed full-rate filtration should not be allowed, When 
Ithc filter surface Hnally beuoniew choked hy this growth and 
rby mud ttie filter is allowed to run dry, and the top layer of 

sand is sliced oflf thinly, about J inch or | inch only Ijcing 
—^removed. This is washed and stored for fntuio use. 

■ Cleansing in time reduce8 tlie iliickness of the sand to 12 
inches. It is then time to fill u]> tlie original with the 
washed sand, the filter surface being first tliickly sliced off 
and the new sand well bonded to the old by forking. 

■ For manufacturing purposes a filter may then UHually be 
" at once used, but for potable purposes a newly sanded filter 

is beat filled up from below with previously filtered water, 
otherwise the first water from a newly sanded filter must be 
returned to the top or run away. An average spare area to 
allow for cleaning is provided to the extent of 20 per cent. 

■ more or leas according to conditionB. 



Rapid Filters. 



Where space m an object filters are made in the form of 
closed tanks, and water is forced through them undtT pres- 
sure at rates of fiow upwards of two or even three hundred 
times that usual in ordinary filters. Such mechanical filters 
are cleaned by reverse flow of about one-twentieth the 
amount of wat^r filtered. They are not suitable for potable 
water purposes, but only for raanufacturiiig uses. 

Large open sand-filter beds have considerable decolorizing 
effects on water. The Author has purified the dye-stained 
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The ReUert Filter. 

In thiJ* appfimlii}^ (Fig. 21) automatic cleaiisinf^ is resorted 
to. The muddy water to la- filtered enters the cb.imher B 
and flows duwrmardH nu sUuwa by the arrows, into the 
chamlicr (' and ao r[!aulies the filter bfd V, through whieh it 
piuises Uaviiig liehhid its impurities on the upper surface 
of the lilt^^r. 

Tlie filtered wator from the chamber V finds its way 
upwards via thi* pipe K into thechamber R and finally over- 
flowri the diaphra^'iu N into the filtered water outlet E. 
Ohviously, the rate of filtration wilJ vary with the state of 
the filter bed ami the head of water in M. As the filter bed 
hccumew foul and its resistance to the flow of water increasefi, 
the water level in B riises and establishes a corresponding 
levtd in the pipe L, which it will be observed is in eanjiexion 
ttith <\ luHide thitt annular ]>ipe L is another pipe 8, whleh 
cst^-nds from nearly the top of I^ right through the filter bed 
and receiver V to the wast<? waUT eliannel 0. forming the 
base of the lilter. As the \vater rises in L there presently 
arriveM a lime when it overHo\is at J and so forms a syphon. 
Tlir current throuiih the filter i.s thus rapidly reversed, the 
wat«r in K Howjrig back through K and upwards through 
the filter bed, the deposit on the filter being thoroughly dis- 
turbed and carried into the waste channel G. The chamber 
K ih prct[>ortif)ne<i to contain sufficient water to effect this 
eleyuwing operation thoroughly, and as this chamber emp- 
ties, air enters and destroys the action of the syphon and 
the cleansing ceases. The lilter thefi resumes its normal 
working. Thia cleansing operation is repeated jis often as 
Ihr Htjite of the filter requires and is entirely automatic. 

The Reisert \Vatcr Softening ApparatUK haw a filter 
Ktmilarly arranged for automatic syphonie cleansing. Such 
it*'r8 mtiHt of course be titled with a suitable material of the 

ture of sand, which will readily part with the dirt and 
deportit collected and will also settle back when cleaned 
into place for fnrther action. The reverse flush also must 
be i*o proportioned to the space occupied that it will not 
wuiy away the filtering material. 
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BY far the most usual method of treating boiiei^fe 
water for prevention of scale anti the boilers tliein^ 
selves for removal of old stale is to add to the fetid- water tank 
tiertain compounds. Considerable mystery ie always it- 
fcached to ttieae compounds, but there is nothing rcaEy 
mysteriouiii in their compoHition. Their basis is soda, awl 
their other ingredients are extracts of tannic substances, &nd 
many of thorn contain starchy of golatinoufl matter which 
is supposed to aervc the purpose of coating each individual 
grain of scale-forming material with a mucihiginous co^'H. 
whose purj)oso it Ih to prevent the part-ioles adliering. A 
loose mud iy thus formed which can be more readily blown 
out. I 

Where proper care is taken to suit the compound lo the 
water boiler compositions may be fairly effective. When 
the deposition of additional scale is prevented by them and 
no further cementitious action can take place, the natuni 
effect of working a boiler is to set free scale from the pUtw- 

The cost of boiler compounde is very great as compared 
with the amount of active material present, for bo lar^^i* a 
proportifin of water Ifi present in all compounds of a li*jiiid 
or gelatinous nature. As stated above most compotuidi 
contam carbonate of soda, which serves to reduce the lirur 
sulphate and ))recipitate it as carbonate of lime in niudtl)' 
form. No doubt also caustic soda is a component part of 
some compounds. Indeed it would be a very projier con- 
stituent where the compound is fed into the feed tank, (or 
here we have an approximation to that external treatmeni 
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feed water which it is the object of this book to recommend 
[the moat correct method of treatment. 

IB tannic compounds in boiler eompoaitiona are 
racfced from aucb timbers as oak, quebracho, chestnut, 
agwood and others which contain tannin. 

The object in employing these producta with soda is to 
ntroduce organic matter into the old scale in order that 
t^hen it has penetrated to the surface of the metal below the 
oale> decomposition may be set up which causet^ a diwriip- 

E effect and splits ofiE the scale, sometimes in large slabw. 
he following re-actiona are claimed by M. Taveau to take 
e wlien tannic acid produced from nutgalla or oak- 
mjjles i« treated with water and subsequently submitted to 
K>Iongcd boitmg. 

P C.4H.,0„ +H.0 = SCtH^Os. 

After boiling C^R(^05 = COz+Os^aOa, or carbonic acid 
nd pyrogalUc acid wliich forms with the Hme salts, 
igallatc, gallate and pyrogaUate of lime. M. Taveau * 
ivea a formula for a quebracho mixture used by the 
Ikemins de ferde rOuest. It is made from 24 kilos, of que^ 
rachoand 12 kilos, of caustic soda boiled in a venso] uf 100 
tres capacity for three hours and made up finally to 1 80 litres, 
•hich when cold has a specific gravity of 1 1*^ to 12° Haume. 
'be liquid is fed in amounts of a quarter to half a kik). per 
oiler after each cleaning, and a tenth to a filth of a kilo. 
er cubic metre of subsequent feed water. 

The Chemin de fer du Midi employ an extract of que- 
racbo in the proportion of 0*175 of tannin per gramme of 
me or magnesia in 1,000 litres of water. 

The State Railways of France boil lao kilos, of eampeche 
'ood with 150 kiloa. of carbonate of soda in 1,000 litres of 
■ater, and employ O'OlSG kilos, of the liquid per cubic metre 
f water per degree of hardness. 

The Orleans Railways use a liquid at S° to 10° Baum6 pro- 
uccd by prolongetl boiling of fiO kilos, of carbonate of soda, 
5 kiloe, of eampeche and 25 kilos, of quebracho. It is used 
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in the proportion of 0-016 kilo, per degree of hai 
per cubic metre. 

The Chemins de fer de TEst employ extract of chesl 
12 kilos., carbonate of soda lOkiloa., and water VSUtres. 
chestnut extract has a gravity of 25° Baura6, and con' 
40 per cent, of extracts of which tannin amounts to l! 
fourtlia. Every day 2 litres are placed in the water tanks 
the tender and 4 litres are used in each boiler direct 
cleaning, which occurs about every ten days. 

M. Taveau strongly recommends aluminate of barji 
which has the disadvantage of high price enhanced by tfe» 
high atomic weight of barium^ — viz,, 137 against calcium 4C: 
By its use new deposits are rendered quite pulverulent aail 
old scale is disintegrated. He does not profess to cxpbtB 
these reactions, for theory docH not explain the rtwaiti 
which demand a quantity of the reagent far superior to ibt 
quantities employed tiUcceasfuUy. 

He suggests that the reagent becomes succeissivply 
regenerated, and is able to act again and again much v 
carbonate of soda acta on carbonate of lime. 

Aluminate of barium of 5^ Baume solution ia advised to 
be employed in doaea proportionate to the degrees of hiud- 
nes3 and generally about 10 grammes of the solution p* 
degree of hardness per metre cube of feed wat^r. With i 
notable proportion of lime sulphate, 7r^lO(3A +B), whctf 
A is the total hardnerw in degrees, B is the permanent Iwfd 
nes3, and n ia quantity of solution in grammes per cuhir 
metre. 

Various Substances. 

Of the many other substances employed as disincniglanl* 
petroleum has the credit of loosening scale from boiler plairt 
and of preventing adherence of fresh deposits. It appear* 
probable that the addition of petroleum in a dried ou( boik 
would ensure the absorj>tion of tbe oil by the scale, and thil 
when under steam again the oil would be driven off and 
protluee no evil effects. Without cxpreaaing any opinif)" 
on the safety of petroleum the Author would say that 
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Hpthing heavier than the lamp oils should be used, for a heavy 
^pl which did not readily evaporate at the steam tempera- 
ture might have effects as bad as an organic oil, though this 
is denied. Experiment seems to be wanting to prove the 
true effect of mineral lubricating oils as compared with 
org.'inic oils in retarding the passage of heat from the plates 
to tlie water and in mixing with lime or magnesia salts to 
form spongy eorapounda. Caution should be exereifaed in 
regard to all mineral oils pending further knowledge. 

Varnishes. — M. Taveau states that the adherence of scale 
may be prevented if the interior of a boiler is painted with 
a mixture of graphite 26 per cent, and black mineral varnish 
75 percent., and that the r^ults are good even if the appli- 
cation is inconvenient. 

He comments also on the introduction of potatoes and 
ler starchy substances, which when hydrated become 
irerted into cyanodextrin and dextrin thus — 



3ra(C«H,oO0 +?iH50=»C;H,aO« + 2nC.H,,0«. 



[these combine with the precipitant salts and form a 
ry mud winch cannot compact itself and is more easily 
ptnoved. 
No doubt all the similar bodicH have someivhat these 
fects, such OS the Iriah moss, alippery elm bark, etc. 
Talc to the weight of one-tenth the weight of the inorust- 
8g matters of the water is sometimes employed, and though 
Iten considered inert it in thnnght may give rise to reactions 
Ein to those of the alkaline silicates. 
The proniiscuoua uhc of boiler compounds is not to be 
advised. They should never be placed en fuofise in a newly- 
cleaned boiler, but should be thfirougiily dijisolvcd and run 
in with the feed. W^hcn the boitcr i.s set to work the com- 
pounds should only he added with the feed, being dissolved 
and fed to the fee<:l lank or pumped into the feed pipes by a 
small pump which will only pump in the proper quantity by 
rorking constantly. 
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Cleaning a Boiler, 

Much of the good accomplished by a successful disifr 
crustant ^ivill be lost by improper cleaning of a boiler. 

To clean a boiler properly a quantity of water may 3 
required be first blown out and its place filled by a fui^Ki 
supply. The boiler must then be left uatU it has become 
cold, the dampers to the chimney being a little open to oool 
the flues, or if other boilera are at work and this cannot be 
done because of cliilling the economizer, a current of air can 
be ensured by opening up the back downtake of a Lanca- 
shire boiler or some suitable door in other boilers. 

When cold the water shoiild be run out, and while stiB 
wet and before iicted on by aii* the loose mud nhould be 
washed ofif the whole interior with a base and the cleaner? 
-sent in at once to scrape off the scale wliile soft. If left u* 
dry, the deposit, which is free from the second equivalent d 
carbonic acid, CO2, begins to absorb this gas from the air 
and to form harder crystalline scale. 

It has been found to promote scale removal to Bupplyi 
big dose of Roda, and succossively raise the boiler full of 
water to 212^ F., and to cool it twice. 

Some years ago a process was introduced for freeziij( 
boilera free from scale. A boiler thoroughly wet was froecfl 
by pumping cold air thrnugh it. The water in the seal* 
disintegrated thiw by its exi>ausion when forming ict% nad 
caused it to separate. The prooess was said to be efTec»u»l 
andi^ based on sound theory apparently, but the Atilhor \vu 
no information as to cost or its present potiilion, or if it is io 
practical use. 

Scale of long standing is apt to he very tough. Tlif 
Author has seen the ypaces between the shell and ilue lube* 
of Lancasbire boilers completely blocked with scale, and ihfl 
lower back end of the shell covered pcrliaps C inehes ihici. 
It is very difficult to remove such scale while the water that 
produces it atill continues to be employed. Where ao 
alternative water supply ia available the boilers may ht 
cleansed by one water oE the deposit caused by anothefn 
This is more roatlily possible with locomotives. In one ca* 
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Tffliich c^me particularly under the Author'H notice certain 
locomotives wliich had become coasidcrably incruHted by 
the use of water from a chalk well were found to be tlior- 
oughly cleaned when fetl witli r mixtur*> of water obtaintMi 
from a borehole wliich collected ity supply from the waiid- 
stone of the Upper and Lower Tunbridgc Rocks and the 
Ashdown Sands. These sand waters were soft and had a 
jpluble effect on chalk scale. 

■ This fact brings up a possible effective cleansing process. 
It has been suggesttKl that weak at^id will nttac^k lime scale 
before it will attack the plates of a boiler. The following 
effect is supposed to be produced by adding hydrocJiloric 
acid to carbonate of lime 8cale, 

H CaO.COa + 2Ha = CaCli -(■ COa + HjO ; 

soluble calcium chloride being produced with water and 
carbonic acid. 

iSinularly if sulphuric acid is employed the result is CaSO^, 
or limo sulphate, in-st'Cad of chloride, and the scale is softened 
for removal especially if treated with u wash of soda, caustic 
or carbonate, to intensify the breaking up effect. Possibly 
even with a lime sulphate scale some effect could be 
obtained with hydrochloric acid. The SerjjoUet tube boiler 
is cleaned ^\ith acid. Condenser tubes have been cleaned 
by circulating acid water through or over them, and there 
seems no reason why the same effect should not be secured 
with scaled boilers if the process is carefully conducted. 
Kspecially after the proper softening of a water has been 
commenced old scale would be gradually loosened by aid of 
a very gentle acidulation of the feed water, which will not, 
it is thought, attack the plates so long as any scale remains 
on which the aeid can extend its energies. Such operations, 
of course, require to be carried out under InteUigent super- 
vision. 
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OTEAM boilers suffer fixim corrasion due to the Botv0 
^ profiertie.s of the feed water. 

Tho Lcingdeiidale Water Supply of the City of Mancheel 
comes from a gathering groiiiitl of the Millstone Grit Fl 
mation, more or less clothed with peat bog. The wa' 
contains some acid, probably tannic, and has a sli^t oo^ 
rosive effect upon boilers. In the district of Mytholmrojd 
in Yorkshire some of the Btrennis are exceodijigly corrodvc 
and will eat away the whole inside of a boiler very rapidly. 
The canal at Waisden fod from such streams, and perhaj« 
further contaminated by acid manufacturing wastes, ifi also 
exceedingly corrosive. 

Coal-pit water ia also frequently destructive by reason of 
its acidity. 

All such waters can bo neutralized by the use of soda, 
should be neutralized until they show an alkaline reactii 
with re<l litmus paper. But soda is more expensive th«r 
lime, and it would appear more rational to pass the feed 
water through a mas8 of limestone chippings or to add Time 
to it in order to ncutrrtliae the acidity. Should the neutral- 
ization be ao complete and thorough as to cause scale to be 
deposited in the boiler, a slight cessation of the neutralizing 
treatment would speedily remove the scale. Acid water in 
fact only requires treating on exactly the same lines as, whea 
applied by Nature, produce the natural hard waters. Steam 
users who stand aghast at the Author^s suggestion to employ 
weak acid in order to destroy thick scale by dissolution will 
stand unconcernedly by and watch the wat-er from an octd 
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rapidly disBolve a £500 boiler to danger point and 
crap value. 

One pound of sulphuric acid will de«troy otie pound of 
uarbonate of lime scale. Three-fourths of a pound of hydro- ^j 
chloric acid will produce the same effect and hydrochlorio ^| 
fccid will be the cheaper agent t-o employ for boiler cleaning ^^ 
»o knig as its price is leas than 4 as compared with 3 for^y 
Kulphuric by weight. ^| 

From the price list annexed, as given in a numl>er of the ^" 
•Ucirical Revietv, it will be Been that hydrochloric acid is 
iheaper per cwt. than sulphuiio by about 10 per cent., and 
that as a destroyer of scale it is therefore nearly a third less ^ 
Doetly. 

Acid : Ilydrotrlilork 

Nitric 

Oxuliq . ..,..,,, 

Sulphuric} . , . 

jAluntina : Alum, Lump, loose* 5 



in bags 



I ,, t. Ground 

\ t, SuJp]mt« of 

'Auunonia : Curbonato 

|| „ Muriate (crystal) .... 

AiniuotuEic : Sal, Lump, lst« (d^lvd- U.K.] 

2iiiia 



iBaiytes : Lump Carbanftto, fi&-U2% 

' „ SulpliaUj, No. 1, White .... 

JBJc'^icliing Powder , , , , 

Borax : British Refined CryBtal , , . , 

PoUi,*h : Bichromate (d(?lvd. Enginncl) 

„ Carbonate, GO-92% (c.i.f. HiUl) - . 
I .. Caustic, 75-80% (c.iJ. HuU) . . . 

I ,. Caustic, 75-80% 

'Bodu : Asli, Cauetic, 48%, Ordinary . . 

I „ ,« .. 48%. Refined .... 

„ „ Carbonated, 48% . . , , . 

I' „ *. „ 5S% {Aninionia AlkaliJ 

net . 

„ „ Bleachera" Hefined Caustic 50-62% 

net . , 

Caustic Wliite, 77% . - 

» 70% riBt 

„ 70% 

» 60% .... ., 
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d. 1 


5 


Operowt. 


1 2 


„ 


1 12 


„ 


5 


fi „ 


5 5 


per ton 


5 7 


6 ,. 


5 16 


„ 


4 10 


,. 





3gperlb. 


33 10 


por ton 


30 


„ 


42 


„ 


40 


., 


2 2 


0l»OTCwt. 


3 10 


„ 


2 15 


„ 


5 5 


„ 


12 


per ton 





3 iwr lb. 


IB 


per ton 


20 10 


.» 


-24 


l> „ 


fi 5 


.. 


H 5 


„ 


5 10 


., 


4 10 


.. 


10 


.. 


10 10 





12 


6 .. 


10 16 


„ 


8 12 


6 *. 




WATER SOFTENING AND TREATMENT 

Sodti : Caufitio Cream, ftO% . , * . net 8 10 purKaj 

„ Cryatala 3; (I u 

„ in bags , . .loo 

„ „ in bajrels » 7 fi 

„ Bi'T-arbiinat-o, in 1 cwt. kcpa ... fi l5 fi 

„ BichroiiiHt^? (delvd. Kiiglaiid) ... U (I 2} pff lb, 

., Silicate, 8o1utiun, 140 Tw 4 lo nprrten' 

Sulphate of Mft^esia 4 10 „ 

Tttic: (French olialk) c.i.f. Livorpool . . . . 3 IM „ 

As risible in efream boilers corrosion takes .several fornu 
A very usual form is that known aspittijig, which consislsi)f 
isolated circular spots of active corroaion wliiob attack the 
plates of the boiler by no meAna generally. Tlus pitlJnp 
will occur internally along the line of the seatings of the 
LanoaHhire boiler. Pitting is thought to be due partly (o 
something in the nature of the metal which is more eaaly 
attacked at certain spots. It i3 recommended that piw 
should be thoroughly scraped clean and painted with ml 
oxide or red lead painty and that further progress will b^ 
checked. When very frequent they become conflu&nt and 
begin to present more the appearance of general coirosion^ 
Pitting is apt to occur near the inlet of cold feed water, and 
much evidence points to it being caused by gases set free 
from insufficiently heated feed, for pitting will occur when 
scale ii^ deposited and the presence of acid is negatived. 

Really acid water produces general corrosion of the whole 
interior under water surface of a boiler. Sometimes the 
effect is 80 even and continuous that no very accurate esti- 
mate of the amount eaten away can be made. Sometimes 
the shell rivet eaama will hardly be touched^ and in that 
event the body of a plate may be very Beriously corroded 
without reducing the strength of a boiler. 

Grooving ia a form of corrosion which attacks plates and 
angles when subject to bending, as at the line of contact of 
the front end plates of a shell boiler with the attaching angle 
irons, at the root of those angle irons, and even along the 
longitudinal rivet seams of the shdl of a lap-rivets boiler 
and at the root curve of the flanged seams of the furnace tube 
and round the base ring of the locomotive or vertical boiier 
firebox. 
This grooving is largely a mechanical product, but though 
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lit will occur in neutral water it is much intensified by acidity, 
land it is dangerous in oertain HJtuationa, as when it occurs 
in longitudinal seams under tension stress. 
^ Some waters not naturally acid become so at high tem- 
H peratures, as when chloride of magnesia decomposes with 
^ formation of free hydrochloric acid. ThiH phcnunienon has 
^ become more serious as pressures and therefore tempera- 
^1 tures have become higher. 

^1 Galvanic action has been advanced as a cause of corrosion 
Hand its remedy proposed by the fixing of blockii or slabs of 
HsJnc in metallic connexion with the boiler The boiler is 
^■Bayed at the cost of the zinc. Galvanic action^ when ex- 
Impended on tlie boiler it&elf, attacks some partfl more than 
others. Hence the objection to copper^ wliieh throws the 
destructive action upon the iron, and hence the use of zinc 

»wliich ia attacked before iron. Generally the immunity 
from att^ack depends on the relative electro- po^itiveness of 
the diflfcrent metals involved. Oil and grease of an organic 
nature, apart from their dangers in other respects, will de- 
compose t^> fatty acids and destroy boiler plates with the 
foi-mation of iron soaps. Tlie general fact may be stated 
that a boiler fed with hot water and kept faintly alkaline 
will not suffer from corrtBion to any serious extent, for the 
hot feed implies freedom from corrosive gases, and the alka- 
linity imphes freedom from acid and galvanic action. Mr, 
Weir provides air traps to remove the air from heated feed 
and prevent its entry to the boiler. 

Absolutely pure water may be assumed to have an effect 

on a boiler, and roof-collected rain contains acids, especially 

Hdln manufacturing districts, and also carbonic acid. In 

^every works the whole available roof and yard area ahould bo 

^ utilized for rain collection as boiler feed, for it wih contain 
DO scale-forming material. 
Boilers are sometimes exposed to peculiar conditions as 
to feed supply, 

A singular case of explosion occurred in Sheffield. A 
boiler using a river water exploded from rapid acid corrosion 
in the hands of new owners, who treated it as they treated 
their other boilers drawing from the same stream a few 
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||9ud8 lower down stream below a alight weir. Investigation 

closed the fact that the waste acid from an electro-plating 
works dribbled into the edge of the stream a few yards 
higher up stream, and this acid flowed directly past the 
intake of the feed to the exploded boiler. The fall over the 
weir thorouglily miixed the acid with a large bulk of water, 
and boilers below the fall were not affected. The incident 
serves to show how alert the engineer roust be to detect 
faults. The new owners treated the exploded boiler ex- 
actly as they did othei^ ostensibly fed from the same souree, 
though actually there was no similarity between the two 
feed wat-ers, for one was a powerfully acid wat«r, the other 
a large dver in which acid hod been mixed in amall com- 
parative quantity. 

The water of the Mersey which has in the main flowed 
from the millstone grit area of East Lancasliire and the 
North Peak district, and received as sewage the soft water 
suppUes of the cities and towns of Blast Lancashire, is 
specially pumped at Warruigtoii for boiler purposes, or was 
some years ago. On the Thames at Deptford the water is 
fto bad, probably because of eliloride of magnesia, that water 
tubes are rapidly corroded through in holes. The general 
nature of the water in any district may be judged by tracing 
the river courses on the geological maps. 

Many boilers fed with muddy water would be improved 
merely by provision tor the water to settle out its mud, a 
process that may be hastened by the use of almns and by 
filtration. 

Every case requires individual attention, and there are 
few cases where an improvement cannot be made. 

In Chapter VI. reference will be found to the corrosimi 
whieh takes place under a tliick sulphate scale such a.s occ\m» 
in many of the low-pressure boilers of the Burton brewerie*i 



io6 



CHAPTER XIV 



w 

How. 



INCRUSTATION OF PIPES 

HEN the flow of water tlirough a pipe is rapid IIig 

corrofliou and incruatation is worae than with gentle 



Chalk well water softened by the lime or Clark's i?rocess 
prwluces a clean la-yer of carbonate of Ume inside a jiipe. 
Hard chalk water resting in a pipe and exposed to heat, 

teven gentle, may deposit aome of its lime salt. 
! Surface waters, especially if at all peaty, will produce 
riist in pipes. It is said that water from the Old Red Sand- 
Bt'i^ne will neither produce rust nor depotsit, but that from 
I the Lower Oreensand will produce rust. It is often a more 
^■Or lc3H ferruginous water, and on exposure to air its eolnhlo 
^iron acquires a further proportion of oxygen, becoming in- 
soluble peroxide. The process may be hastened by blowing 
air througli the water or by sprinkling the water through the 
air. The change is fairly rapid, and the iron, first produc- 
ing cloudiness, aoon gathers as a flocculent body and ie 
deposited, leaving the water bright and clear. Until this is 
complete the water ought not to be passed through ])ipes, 

kfor it will fill them in process of time with an ochreous mass 
of rust. Pipes will not rust themselves if properly treated 
ith Angus Smith's compound of pitch and tar. Before 
treating they should be cleaned from end to end from each 
end with a revolving steel brush. They are then to be 
heated and dipped vertically into the nicltcd compound, in 
which, wliile standing, they ought to be again brusiied, the 
brush revolving each way, to remove all traces of air bubbles, 
it is at the pin holes caused by air that rust always 
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begins in a coated pipe. The Author has used glass-lined 
pipes for particular cases. Galvanized or zinc-coated pipes 
are also much used, but zinc is by no means a permanent 
covering, and it is soluble in rain water to some extent, for 
drinking of water collected on zinc roofs is a somewhat power- 
ful dentifuge. 

Water containing peaty acids particularly, and rain water 
also, particularly from town roofs, and perhaps all soft water, 
are more or less powerful solvents of lead, and much lead- 
poisoning has been caused in the North of England by lead 
pipes. In that ptui; of the country house-service pipes are 
of lead and are powerfully dissolved, especially in the hot 
water systems. In London, where the water supply is hard 
and does not afifect lead, the house-service pipes are of iron. 

The lead solvent action is curable by a sufficient dosage 
of ground whiting introduced near the headworks of the 
water supply so as to ensure thorough mixtuure and solution 
before reaching the houses. If not thus treated to prevent 
its solvent action, such water should only be served through 
tin-lined pipes in the houses. Probably lead pipes have 
been used because of the rusting action of peat waters on 
iron pipes. When a water is safe to pass through lead or to 
store in lead cisterns it will produce a white-coloured lining 
on the lead. 

Lead pipes are rendered safe by a tinned interior if tliis is 
well applied. Iron pipes are tin lined by first threading a- 
tin pipe through the iron pipe and causing the tin tightly to 
expand by exposing it to a heavy hydraulic pressure. 
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CHAPTER XV 



OIL SEPARATION 



I th 



IN order to render condensetl steam fit for use in a boiler 
it is essential to f«ifety tliat the oil it now contains 
Bhould be removed. Oil separation is pffectod both mechan- 
caUy and chemically. 

Clieniieal oil Hcparation is effected ^ftcr the greasy exhaiiKt 
pte-am has been condensed and it may be convbineil witii a 
neclianical process. 

Meehanical separation ia efFccted either before or after 
the steam has been condensed. 

Mechanical separation is eiTecttdl more or less perfectly 
by the De Rj^eke Beparator, which is an enlarged length of 
^the ejchanst piiH" rittod with wpiral blades, dejiignt<i to impose 
whirling motion upon the flowing steam whereby oil and 
' water are thrown outwards by centrifugal action and drained 
! off, 

■ Other mechanical separators consist of a large area of 
Hj^beet metal arranged to divide the flowing RtJi^am into 
^raumerous tiiiii layers witii the object of causijig cvt^y par- 
ticle of oil to touch euch surface which will adliere to it. 
Such separators demand large area and considerable volume 
if they ate to bo successful. 

The De Laval cream separator has been employed to 
separate oil from condenaod water as this fiows from the 
r condenser. 

■ Some niodifteation of the ordinary separator is necessary 
^to provide for the very Kinall proportion of "cream" — i.e. 

oil. The oil discharged from such a separator comes oil 
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clean and apparently Et for use again. The sudden reveisal 
of flow is made to cause oil separation, as in Holden A 
Brooke's Separator (Fig. 22). 

To avoid grease there is a tendency to mn engines with<Kit 
lubrication, but it is by no me-ans certain that this practice 
can be of universal application. When grease enters * 
boiler, no matter how finely emulsified it may he, th^ condi- 
tions in the boiler appear very effective in causing the oil to 
separate. The oil appears to adhere to the plates of t|w 
boiler or to combine with some of the scale-fomiing salU, 
especially the carbonate of magnesia or floury dep^isit witli 
which it produces a spt>ngy greasy eonipound which, if it 
should settle on any bcnUni plate, will cause overlieating- 
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Grease haa a very peculiar effect in a boiler^ for it ret^irds llio 
passage of heat very «c^iou9l3^ Stronu^yer says, that | in. 
of scale will raiae the temperature of a plate 300'^ F.» whereas 
less than U-OO! in. of grease will produce a far worse effect. 
He also states that the effects of grease are intensified whcff 
scale is also present. 

Seeing that grea-se attaches so readily to mineral matter 
an effective metluMJ of clearing waler from the evil \h to mix 
it with hard water and put the whole through the cuatomarr 
softening operation, when the grease will disappear with the 
sediment. 

Grease in essentially dangerous, and no effort must be 
spared to keep it out of boilers, 

no 
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The Hooper Oil Separator. 

This apparatus, as made by Laaaea & Hjort, acts on the 
principle of admitting the greaay exhaust eteam into a vessel 
Fof considerable area. Tliis reduces the velocity of flow to a 
minimum. The steam has then to pass by a number of 
perforated plates which collect the oil and whence from 
their edges next the containing vessel the collected oil falls 
the bottom of the separator and ia drawn off when the 
lUge glass shows that a sufficient quantity has collected. 
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Fio. 23. BAfrEB Obeask Separator. 



N 



If a drop pipe can be brought down 35 ft. bflow the separator, 
it will be Kclf-draining even when applied to the exhaust 
of a condetiaing engine. Otherwise, either an airlock must 
be provided or a amall pump. 

In the Baker separator (Fig. 2;i) the principles employed 
are wholly mechanical, These are stated aa follows, and 
are generally applicable to all mechanical Beparators of 
static form. They are :— 
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1. Ample capacity to allow the steam to expand, and_ 
consequently move slowly. 

2. Forced contact of the steam with a surface of watfl 
which attracts and holds loose particles of oil which ha\ 
been carried forward mechanically. 

3. A slight lowering of the temperature of the stean 
which is inevitable where expansion takes place, and at tl 
same time a "dew-point" being reached, at which the 
vapour of oil begins to separate itself from the vapour 
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water, fonning maleculca which adhere to the first surfa 
with wliich they are brought in contact. 

4. A St' Ilea of baffles which, dividing thcstoam intuimmG^ 
ous tliin streams, bring it into contact with one or anothti 
of these bafflers, which form at the same time clinnnels fq 
tlie grease to trickle down into the well at the bottom cif tl 
separator, sufficient aggregate area of steam pasrtflges HU4j 
bo provided necessary to avoid undue friction or 
preaaure. 
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considerablo saving is cUimed from tin? enii*Ioyment of 
paratora because the boilere are supplied with hot water 
grom the '' hot well " at 100° F.) instead of witli cold water 

^Tho abolition of grease also means enhanced safety for 

Ifthe boilers and bett-cr results from the surface condcrisera, 

;-Trhkh act better when their tubes are clean. Then the oil 

be filtered and used again. 

Vhen, owing tn the use of su|KTheate(i Hteam there is not 

Bch water in the exhaust steam, some water must bo 

Jed to assist oil separation. The greaHj water discharged 

■collected in a large tank, and as it cooIh tlic oil separates 

It better and floats and may be removed for filtration. In 

5c annexed Table VFTT. are given a.s a guide a few dimcn- 

U£ns of oil }<c])arators. 



TABLE VIII. 
Dimensions or Oit. SsPAHAToaa. 
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Chemical Oil Separation. 

Complete oil separation by mechanical means is not 
►ossible. The very tine emulsion wbicfi gives a slightly 
liiky colour to the water of condensation sUll pereiets. 

In Fig, 24 is sho%vn a magnified image of a small film of 
mulsiiied oil. The oil particles appear globnlar, distinct 
tod independent, 
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Similat]y, Fig. 25, No. 1, shows the opacity of a glassful 
>f cnmkion before filtration. After nitration llirough an 
>rdinaty filter paper no effect is produced, Eig. 25, No. 2. 
lie same after treatment with alumino-ferrk! is seen in 
rig. 26, No. 3. Tlie opacity still continues because the oU 
till remains in suspension und stays the paSisage of light. 
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Fio. 27. Paterson Grease Sepabatoh. 



this treated water, however, is filtered, the effect of filtra- 
tion upon coagulated oil is apparent in Fig. 26, No. 4. Tiie 
.only full remedy for oil is chemical treatment and subsequent 
I filtration, and the remedy acts best when oombined with the 
make-up water softened by the Porter-Clark process. 

Exammed niicroseupically, therefore, jars 1 and 2 would 
show the appearance of the micrograph {Fig. 24), while 
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jar 3, though as opaque as jars 1 and 2, would give thv 
micrograph [Fig. 2-la). This explains why it is thus possible 
to filter out the coagulated oiJ and produce a pure dear 
water, aa in jar 4. 

Figs. 27, 28 find 20 give the plan and elevation and sec- 
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tional elevation of the Paterson Condensatioii Water PurifiCT 
for the purpose of efEectmg the results just deacribcd. 

It will be seen in Fig, 27 that the greasy condensatioD 
water, after passing through a perforated baffle plate to 
free It from undue agitation, enters the meoeuring floal 
chamber of the automatic chemical supply regulating ge^, 
jind overflows through the vertical dkcharge slit or wdr, 
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fBliown dotted, into the mixing trough below, where it mingles 
with the coagulant diacharged by the necdJc valve in the 
chamber adjacent to the chemical storage tank^ to which it 
JB connected by a ball valve for maintaining a constMit 
[head of reagent above the valve seat. The other valve 
aber may be connected to the make-up water supply, 
adjusted to add from 5 per cent, to 10 per cent, make- 
|up at this point. 

The bulk of the grease Hcparatos out on the surface of the 
[water in the reaction and precipitating chamber in the form 
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of a thick aliidge, which can be overflowed to waste when 
necessary. The sedimentary matter falls to the bottom 
and is flushed to the drain periodically. The water is par- 
tially clarified before passing into the filter by upward 
straining through wood-wool fibre, contained in the pre- 
liminary strainer. 

The filtering medium employed is a special quartz silver 
sand (almost pure ailica) resting upon a bed of fine pea gravel. 
The action of the coagulant is to form an exceedingly fine 
gelatinous precipitate, which seals up the interstices between, 
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the sand grains and forms an impervious barrier to the oily 
globules. The pure water is drawn off uniformly from, the 
under side of the bed through a large number of gun-metal 
strainers, screwed into the manifold pipe system leading to 
the pure water outlet duct. These strainers are fitted with 
finely perforated renewable phosphorbronze screens. An 
automatic outlet controller, by throttling t^e outlet dis- 
charge, prevents the possibility of the filter being drained 
empty when running on light load. 

To wash the filter the current of water is reversed through 
the bed and the impurities flushed over the waste gutter to 
the drain. This cleansing is assisted by the agitation, 
aeration, and sterilization obtained from forcing air thiou^ 
the bed by means of an air injector. Attention is requiied 
about ten minutes daily for re-charging the chemical storage 
tank and flushing out the filter. In electric lighting stations 
during the summer when the load is light, the purifier may 
only require attention once a week 
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cleaners consist of a vessel placed above the boiler and con- 
nected with it by two pipes, nne of whioh ascends from « 
ekimming funnel placed at the water surface, while the 
other desconds well below water level. It is found that a 
continuous circulation of water is nniintaiftod by reason of 
the fact that water in the riising pipe tt^nds to form more 
or less foam as it attains a higher level and is under la^ 
presKurp, whereas the descending column, entering upon 
horizons of greater pressure, is maintained as water. The 
upper veswel hi divided by a diaphragm plate and the cir- 
culating wat*r drops ita sediment in the quiet vessel, whencv 
it ia blowrt out. In some cases the effect has been such that 
boilers have only required cleaning at long intervals. All 
the water appears to circulate tliruugh the cleaner or, at 
least, all the surface water carrying the new soale-forminjt 
matter. Only temporary hardness can be dealt with, any 
sulphate requires the help of soda in addition so a« to con- 
vert the sulphate of lime to the carbonate which ia then 
within the capacity of the cleaner to deal with. 

The HotchkLss apparatus (Fig. 30) is baaed on the above 
principles, and it is claimed to be effective, not only as a 
remover of the lime salts, but also of grease and oil, so that 
condensed greasy steam may be used in the boiler without 
danger. The economy of these apparatus lies in the fact 
that blowing-out ceases to be necessary and much heat is 
thus saved. 
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CHAPTER XVII 



PURE WATER 



USUAL standard of purity for wattn- is^ — 

Chlorine not abovt* 1 in l(rt>.iKHJ if (*[ tirpiiuu origin. 

Nitritpa and nitrntoa — LnrJit'jitivL! of f^rf^vioiis at'.wuge coutiuninu- 

lion. 0*2 tu 0'3 purtw [mr HJ(»,lH)(l. 
Ammotiift milt« not afx)Vt> O-OKO per l*Hl,OO0. 
Ori^ariic carbon, not over ti pctr liiU,*K)i>. 
Ori^anic nitrogpii, not 0%'or y |»t?r I'JO.^K'O, 
I AJbiunerioid amiiionia, not ubovu OHHJlfD \V3C Inii.uim, 

Schoinberg advisoa that a water may be made chemically 
pure by adding to each litre of water O-Oli gramme of free 
bromine in the forni of potassium bromide. Very polluted 
rater requires more and may be made Rlightly straw colour. 
In five mjnutet^ all injiiriouH i^erms will bedestroj'cd, and in 
mother five minutes the addition of an equal amount of 
per cent, ammonia solution will render the water clean 
[and tasteless and fit to drink. 

The addition of a minute fraction of sulphate of copper 

water is said efficiently to destroy all bacterial life. 

Pure water in the above senses ia, however, not required 

Jor steam-boiler purpoHcs find lies outside the scope of this 

I Volume, which deals with the reduction of deposit, for, both 

I steam raising and in manufacturing, the absence of deposit 

conducive to efficiency in steam generation and good 

' quality in the texture or colour, or both, of tanned goods, 

dyed goods or bleached fabrics. Rather than use any 

Dbemicals which will leave salts in solution in a boiler, such 

sulphate of soda, when sulphate of lime is reduced by 

irbonate of soda, brewf^rs wiJl allow thdr boilers to l>ecome 
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bftdly incnifited. Any salt in aolution will, of cotxne. 
over to the vats witJi the priming water. Expenmot I 
niioulcl 8how whether the usual ste^m dryers or water amr I 
rrttor» would not fully cure this. Dry steam win not caoy I 
sjiUh. The Author }iC6itates to say if every particle of ait I 
can i>o removed by a water separator and cannot say bow i 
small a pro])ort{on of suJphate of soda could be permitted 
in brpwing. This point, however, is properiy within tht I 
duty of the brewery chemiat to consider, for if ilnriDg c«i! i 
he brought to a sufficient perfection it should pay well in 
fnni saved to put a atop to the very severe scaling whidi '» j 
found lo otic'ur in brewery low-pressure boilers u&iiw hani 
wiiUt. 

The Author Huggests timt, low-pressure boilers ate a iiii»- 
tako. The velocity of steam inside a boiler and throueli 
the outlet pipes is inversely as the absolute pressure, a^ 
priming is thus apt to be more severe with low-preasnn 
boilers. When particularly pure steam ig wanted the antH 
priming pipea*^ in a boiler should be long and finely psfo- 
rttted, and even two outlet valves may be an advantAec 

Piiro water may bo produced by the circulation of steam 
fr<ini a lugh-preHsure boiler through the tubes of an evapo 
rator. Low pressuro «team may thus be raised from a Bosle 
forming water and the scale which forms on the evaporator 
coils can reiulily be removed. Unless sulphate of lime V 
present, needing soda to remove it, a water can be softened 
by lime without fear of tiie effects in brewing. 



& Co.). 



Stvum I'ipcs : tfteir Benign and Constmction (( 



122 



Appendix No. i 



ABSTRACT OF RKPORT UPON THE INCRUSTATION IN 

BOILERS, 

OCCASIONBD BY THE ACTION OF SOME OK THE WaTERS IN AND 

ABOUND Manchester and the neighbourhood. 

BY 

Db. R. ANGUS SMITH, F.R.S., F.C.S., etc., etc. 

Part First. 

CuALK and Gypsum Waters. 

THE specimens sent to me to represent the waters of this 
district were of three kinds — Ist, Alkaline or rather Clialk 
Water ; 2nd, Neutral or Gypsum Water ; and 3rd, Acid Water. 
The second is always in this district found mixed witli No. 1 
or 3. 1 and 3 are always mixed up with No. 2. Nos. 1 and 3 
cannot occur in one specimen. 

It is of course well known that all such watere are Imrtful 
to boilers, but in very different ways. The first is hurtful be- 
Cftoae on being warmed the carbonic acid which keeps the limo 
in solution is driven off with the vapour of the water, and the 
carbonate of lime falls to the bottom in form of a crust more or 
1«8 compact. This crust is a well known substance and ia tJie 
source of many complaints, and the cause, no doubt, of many 
wddents and injuries. 

Afl an example of crust from water belonging chiefly to the red 
undatone, a specimen from Tyldesley and one from near Man- 
chester were analysed, giving — 
1. From Tyldesley :— 



Carbonate of lime . 
Sulphate of lime 
Carbonate of magnesia 

Silica 

Oxide of iron and alumina 
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83*995 per cent. 
3'625 
8-833 
3-000 

0-500 

99-963 
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2. FrocD Manchester :— 

Carbonate of lime with oxide of 

iron 7'*-l<'8 per ijmU. 

Sulplmto of Umc . ri-SiO 

Cnrbonafti oF magneeia 21*876 .. 

Silica ,.,... 4-7»5 „ 



Many attempts have heun made to rciuuvt; tite crust witbnil 
the une of the hammer, and many attempts have al&o been modf 
t<j prevent ita lormation. The necessity of removing it bjr 
force (iccuh* at intervala of days, weeks, or oiontlis, aeconJinir lo 
the amount of Hme in the water and the amount nf > 
evaporated. This meclianical method of removal must (i • : 
lie injurious to the ^xjilers. Not to mention the great amtiuiM 
of vibration to whieh tiiey are exposed by the process of hun* 
niering, a eertafn amomit of oxide of iron is always peroowd 
by each removal of crust. This, of course, is soon succeeded 
by another coating, and tlie process of mating ia thereby facii' 
tatod, 

Tn provBot the formation of the cniHt) it has been pr^ 
to coat each particle of lime at tlio moment of its +■ 
Bolution with an organic substance, such aa starch m 
or ftny cheap material soluble to some extent in water. 8ucb 
substances have been found in potatoes, buttermilk, gelalti 
fiwh, blood, and oily or waste oleaginous matter, and we 
add all the Holuble parte of plants. When the carbonic 
leaves the water, the particles of carbonate of lime which an 
tlien allowed to fall cannot approach eo closely to each oi 
ae in pure water, and instead of uniting into a compact 
they remain in a separate condition and form with the w»i 
masM of mud. This mud is blown off from the Ijoiler at 
intervals^ according to the circumstances of the case. 

Tliose methods are generally found sufficient for a short lii 
btit seldom for a lon^,' one. 

A cleaner and much more beautiful method wa« pro; 
aome years ago. It conftiated in the use of chloride of ammonii 
or Hal-ammoniac. When this salt is boiled with carbonftte 
lime, the chlorine unitea with the calcium and forms chlofidt 
of calcium, whieh ia very soluble in water ; tlie ammooia go« 
with the carbonic acid into vapour. I am told that the procaw 
tfl, or at lea^t h&s been, ut^ed a good deal on the railways in tlM 
South of England, where the water eontaluB carbonatee of Un 
and magnesia, with frequently no more than a smaU tr»ce d 
any other salt, Sal-ammonis.o costs about £35 a ton. A ta 
will serve for about a million gallona of the water of the Thaintft 
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wlifn miiriAte of arainnnia or sal-animoiiiao ti boiled in solution 

ui HakT. soriio aniriionva is gi\'f"ii nit iind tiic Acld romaiiis. Tliiw 

'I'iiJ (luuritilii.') diayoh'es iron unless a large amount of lime be 

prcsfiil. Tht.^ boilers are, uf course, attacked by an eiot^yis of it. 

It ii probable aiKO tfiat tlie ammonia or carbonate of ammonia 

Kivt*n dH in this proeeiis may conic into contat^t with braas or 

''M|j[KT. Ui wliich it is apt to bp injurioun. 

When wjitrr, anch an the tirtit clans or chnlk water, h to bt* 

at<*»i. tlic pr(x;ess of Professor Clark \» by far the best. Tliw 

cojiAiBtti in adding cauijitie lime to prci'ipitate the axr- 

at** of lime or clialk. But neither of these propesseH lits 

WT'II tho waters of thw dijiitrict. Clark's procraa haa not been 

Joutid eonvenient for waters containing only 5 or 6 graiiw of 

irboDat«i of lime, although with gK&t care it may be made to 

ply to l4iem. NBither Clark'a process nor the sal-ammoniac 

)ix5a» has any effect on tlie sulphate of lime contained in wat<^r. 

iTht? waberu around Manchi^stcr may be considered oa reprc- 

bttxl by the following analysiw, which repi"eHents no one 

ciinpn in particular— ulthougJi nearly that of tlie old wal4^r 

pPP'y- l»-f- prior to Lcmgdendalc. W.H.B.] 

Cnrboniite of liiiic, fl t^-aiiia per j^aUoii ; 

•Stilph'iiti'i of iitiip. 8 ^aiiiH ppr gulluii ; 

{'-arbniiHl^ ui niAgiieaid, I to 2 or S grains pi>r (zailotu 

% narkV Iteaiitiful prnooBR, 28 ffrnins of caustit; lime throw 

tmiL Gil grains of cHi-bonatc of lime from the water, nnd hct'onu- 

llit'triwlvrrt i'i»nvi*rt*H:I into other 5*) praitiH of carbonate of linipi. 

% tliiH nieaii^ 28 ^raini^i of eauKtie lime thrown intct a solution 

"i 'Jirhonate of lime in water caune the precipitation of ItX) 

gmm 4tf that suit. The lime when it exists in Holuiioit in water 

tt matle, proi^rly speaking, a bi-carbonatc, na, ^«'i^idea water_to 

I lnvp ll m solution, there is also carbonic acid. The precipitate 

I falli* (town white and like tine chalk, which it really ia. If there 

Ijp orKunitr matter existing in the water tlie lime attaehcii iliicLf 

to ft JarKf^ pro[Mirtioti of it, and the precipitate is thereby darker 

^Rcordtii^ to the amount of impurity, whilst the water in piy>- 

||prtiunately cilear This plan throws down, in many ea^es, 

^iso a* much t*i the Miagnet^ia a,** may be in a state of carbonate'. 

• Kal-aiurnojiiac process acts ako on the carbonate of magnesia. 

Iini^ht Iw said that cvpiii with kucji wat^-^rs as we have near 

fiiOiiter this plan could be adttpted. if great oare wore to 

Itjdcrn U* remove the carbonate of lime ; tlie sulphate rernain< 

bclnj^ Holubie. would (u>t form a eruat, if it were bhjwn off 

lore the Holution l>oriinic extremely concentrated. 1 will not 

thAt (his is impntcti able, hut it w^rns to reqiiii-o more 

dttent ihiUi wtr can ex|>ect. a^ t have juat beeti presented 
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wttfLMmscimea of crust of extreme hardne^, vhich, o« aoaJi 
gnm 78*16 per cent, of SiUJpbate of lime. 

The existence of this crust is of itself a sufficient prai 
of the great imiwrtauce of removing the sulphat« of lime w «*i 
as the carhonate. The crust made by the fonaer is gencrifii 
harder and more difficult to remove, whili^t it b scarcely ponAI^ 
t^j affect it by any chemical method. At the same tiiM Ik 
miLst be odd^ tliat there are waters in LAncai;hire to wfaki 
thifl proecas of Professor Clark's ean mo'^t ivadily bo apptiol 
pch as some frum parts of the rod sandstone, and eiinl«ii 
l2 to 15 grains of carbonate of lime |>er gallon, with very liUfc 
aulphate. The neceasity of overcoming the difficulty presenfc4 
by the sulphate of lime induced me to make many trials ; ik 
results of the most practicable will be here given. It ia knon 
that carbonate of »oda throws down the lime from sulphAtai 
lime, or rather decomposes the salt. If we add carbonai 
Boda to a water containing sulphate of lime or gypsum, carkmi^ 
of time falls down, and sulphate of etxla remains in soliiU"t 
Now, sulphate of soda is an extremely soluble salt, it is ei 
innocent, and wuuld rarely require blowing ofl. 

By two processes, then, the wliole of the lime may be penio 
from tbe water, One process hy caustic lime removes 
carbonate, and another process by carbonate of soda reirw 
tf)c Hulphate, Ag it is found that a small amount of carboi 
of lime does not precipitate well, this additional qUAni 
derived from the sulphate will assist it in rapidly fallinj^. 

It is not agreeable to render anything compliciitcd. and 
process haa altx^ady been found too much. By a little eoiusid 
tion we can convert the-se two procesaes into one. 

Caustic soda, when added to a solution of carbonate of 
in water, or a solution of bi-carbonate of lime, lakes up 
. carbonic acid exactly in the same manner aa caustic lime. 
precipitates carbonates. (This ia similar to Clark's pnn^r>*, h 
«o far is inferior that the caustic soda will not it-sflf fall tmt d 
the water.) In doing this the caustic soda Ijccomes carlKmat' 
of soda, which, as Me have iseen, decomposef* sulphate trf Urofi 
Now, if we add caustic lime to carbonate of s<»da. we oliUiD 
caustic Aoda. By the uae of caustic soda, then, we unite lh( 
two proeeasea into one. Again, as caustic soda is formed bt 
the mixture of lime and carbonate of soda, we may use thw 
together for precipitation, or we can make the caustic soAi 
separately uru! then iwe it. Wlien rapid pret- ipitation id wantf'f 
the limn and earlxinate of soda are beat used together ; when » 
large precipitate is to bo avoided, then it is better to use ti>f 
caustic suda alone. 

Oarborutic *»/ -siHia ami lime art^ <?quivalent to e«t/.5(iV xotla av«l 
alone. 31 grains of diy cauatic soda will tluow out of ^oluti 
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" 60 grains of carbonate of lime. 28 graina of lime do the eame, 
but they fall dorni also and make the precipitate 100 of carbonate 
I of lime. Soda, tln^refore, causes a lej^s bulky precipitate than 
[lime when chalk alone is to be treated in the water,, because the 
[soda, instead of falling like the lime, remains in the sfilution. 
I But now comes the chief difference. When the caustic aoJa 
Ihaa removed the carbonate of lime, it becomcH converted itito 
I carbonate of soda, nnd this carbonate of «oclft avU ujMjn the 
l8«lphft(.e of lime, forming rarbonate of lime a^ain and suli>liate 
lof stnla, The whole of the lime, therefore, falls in whatever 
I condition it be, and a little sulphate of f*oda only remains. The 
[sfiitfi in the water Are compofl«i thus : — 

TAme Ciirbonic acid. 

LATne. Sulphuric acid. 

I Add caustic aoda and we liave^ 

TMne . . * ■ , Carbonic aoifl. 
Soda >....- 'f'arbcinic (M?id. 
Lirne. Huljihui-ic arid. 

^ Which again breaks up into — 

Soda Sulphuric arid, or sulphate of soda. 

Lime ..... Carbrjnic (u-id, I , . , ,- 

Lime (■arbr.nifMHd.l""*^'™"^**'"^^'"'^' 



( These two latter portions of carbonate of lime fall together, and 

tliP sulphate of aoda remaids, 

Ah many ]x^r»onM who read this will not undemiAnd chemical 

eymbols. 1 have used the full worth* ; cheniiflts can easily translate 
:it into their fonnulas. It might be shortly written so — 

CaO 2CO2 + CaO so, + NaO = CaOCO, + NaO CO^ + 
CaO S03 = NaO SO,, + 2 CaO CO3' 

Carhnnaic of ninjrnesia and sulphate furni similar t-ompounds 
and underjiothewaHie decompositions, according to circumstanecR 
to be noticed. Let u» apply t he deeompositiun to the normal water 
around us containing i> grainn of carbonate of Ume diaaolved in 
carbonic acid and watf;r, and let us suppose 8"1 6 grains of sulphate 
of limp. AddJ"72 grjiinadf caustJLrsrida ; those at once Ijnfiome 
6'36 grains of i-arbonatc of soda, and (5 grains of carbonate of 
linje fall. The 6 30 grnin.'i of carbonate of soda attack the fil(* 
grains of sulphate of lime and become 852 of sulphate of .^oda, 
wliiliit other 6 grains of carbonate of lime fall. Altogether tfiere 

* In the jircrsfnt djty nutiitiun fur Nu rcnfl Nsi.j in each caHP, The 
present atomiti weijflit tif N*a in 'I'A in nxygen — IG. — AuTKOa. 
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[liMPi^ grains thrown down, and the soda is made to act t« 
deisOfnpoeiQg the salts. The i\r»t aotitm is by abaorbinji &» acid 
the Becond is by changing thb acid for another, Useci in 
manner 31 grains of caustic soda throw down 100 graioA 
oarbunatc of lime. 

If any one will $ay that the soda goes to the sulphuric 
at once, and not in th^ method I have pointed out, I shall only 
add that the rej^ult will lje exartly the aamc- 

If grains are not found agreeable a» unit**, it is, of eoune. 
easy to make the calculations on a larger scale. If Viv- uv 
7*000 ^llons of water, our minibers will remain the same, pimn 
taking the place of grains. 

7,000 gallona of wator^ such rb mentianei)» eontain— 
\h». of cftrbonato of lime, 
8'Jfi lbs. of aulplintf of lime, 
ntttl 3*7*^ Ihs. of cfliiHtio nndii, 
tho result is S-iiS lbs. of sHljibut^ of soda in solution, 
and 1'2 lbs. of cnrboiiftte af lirnci thrown do-n-n. 
Thu»» as bffore, 28 Ilia- of lirin^ "n^niove 60 of carbonate of lime 
from clialk watera, 
31 lbs. of soda remove HHJnf carbonate of liiw 
from mixed waterB such as this» 

Smia. therefore, removea neArly double the quantity removed 
by lime. In the case of mixetl chalk and gy])SLim waters, hu* 
the \nivv U about 20 tiines greater than that of lime. Tltf 
proe**ss willf tliereforo, l>e lU tinicH more ex])cnsive than tin" 
lime process. It \a, however, scan^ely fair to eoniparo the two. 
as the- limp prcwess will not artHWer the purpowe in view. Lfi 
a ton of earlmnatc of Hoda eont £10, the cauatic soda in it xad 
the lime UHcd wouUl cost about £18. The ca.]eiilatiun of 3E) 
time^t iw, tlu^refore. rulliiT low. However, a ton of fioda t'twiiiiK 
about JCIH would prei:'i]>itate 2,107,527 gallons of water, with IJ 
graiuH of carltoniite of lime in solution, or 4,215,054 of mix«d 
wiiltT, Huch OS wo have in view. 

It may be a.^ked, in what way the precipitant should be used, 
I l»elievc thci best of all methods la to have a tank for preeipitalioik 
and when the clear water remains aft+T the fall of the limo. it 
may b<' trat\4erred to the boiler. As tlie preeipitation oivun 
very rapidly, it wtnild not 1-hj neetlful to have more than a day* 
HUjiply of jirepared water. 1 believe that, in many ca-ses, a fe» 
hours' su]iply would be enough. According to ex|>erimeiili 
mfuh^ to try i'rufessor Clark'rt proueaa^ six hours' ^^Pply* or even 
lojw, wnuld be enough. 

Ciiiistic soda m made by adding niaked lime to earbonatec/ 
»oda. 
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1 ton of caustic soda (dry) is made by 



112 lbs. 

1 lb. or 7,000 grains 



Carbonate of soda. Catutic lime. 

3829'6 lbs. and 2023 lbs. 
= 3409 cwt. „ 18*06 cwt. 
or 34 cwt. 21 lbs. 
191 lbs. and lOMSlbs. 

11967*7 grains,, 6322*1 grains, 
or 27*36 ounces or 14-4 ounces. 



To prepare caustic soda the carbonate of soda is, of course, 
used in solution. It is better warmed, but this is not needful ; 
the warmth of newly-slaked time assists the action. As it is not 
poesible to weigh the caustic soda dry, and not convenient to 
weigh it in any condition, I shall make the calculations on the 
amount of carbonate converted into caustic. 



Amount of carbonate of soda to bo 

converted into caustic and used for 

1,000 gallooa of the water to be treat«d. 

Supposing 1 gr. carbonate limo to exist 

ns. 





in 


solution 


in a 


gall, water 


1060 gra 




2 grains 








2120 , 




3 „ 








3180 , 




4 „ 








4240 , 




5 „ 








5300 , 




6 „ 








6360 



and so on. This is equal to 242 ounces of carbonate of soda 
for 1,000 gallons of water for every grain of carbonate of lime 
per gallon. This will also precipitate the lime from the sulphate 
' at the rate of 8'16 grains of sulphate for every six grains of 
carbonate. 

If sulphate of lime should exist in the water alone, the 
carbonate of soda may be used by itself without adding lime 
to reduce it to caustic soda, although it is better to add a minut« 
quantity of caustic soda in order to remove the small amount 
<rf carbonic acid dissolved even in such waters. In this case 
the amounts used will be — 

Carbonate of soda for 1,000 gallons. 



For 1 grain of 


sulphate of limo 


in a 


gallon 


of water, 


use 


770*4grns 


„ 2 grains 












15r)8'8 „ 


., 3 „ 












2338*2 „ 


„ 4 ., 












3117*6 „ 


,* 5 „ 












3897*0 „ 


t* 6 „ 












4676*4 „ 


„ 7 „ 












5455*8 „ 


„ 8 „ 












6235*2 „ 



This is equal to 1'78 ounce of carbonate of soda per 
gallons for each grain of sulphate of lime per gallon. 

I2q K 
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For salts of roagneda : — 

ftd'lod In 1.000 gtflMM 1 
For 1 grain of corbaaate of magaeaia in a gallon, use . . IS61*! 
„ 2 grains ,. „ „ . . 2523-S 

«* 3 ,. ., .. « .. 378W 

Thia is equal to 2'SS ounces of soda per 1,000 gallons for 
grain per gallon. 

For sulphate of magnesia existing where there are no carbon 
the adiouiite are as follow — 

Cirhlm (if cubonAte ol soda rodai^ lo i 
ami addi>d to l.OQQ gallom ol mmUr. 

For I grain of su]|>]iftteof magnesia pep gallon, use . . . 8:S3>33( 
.. SgrairlB „ „ ,. '. ■ 1706'ftO 

„ 3 ,, „ .. ,. . . . 2(W[»-B0 

This h equal to 201 ounces of carbonate of soda per I 
gallons for each grain of sulphate of magneijia |>er gallon. 

It is not needful to add any noda to precipitate the sulphi 
of lime or magnesia unless existing in a gi-eater proportion than 
8 '16 of sulphate of lime to 6-0 of carbonate. 

There arc cases where sjiecial calculations must be msder 
for example, where there are mixtures of carbonates and sul- 
phates of lime and magneoia, but 1 fear to complicate the ma1t*r. 

The precipitation hy caustic soda is not exactly a novfUv, 
but I have not seen it carefully examuied, and the examination 
and full explanation of the matter are somewliat new. Mr 
Thorn, of Birkacre, Chorley, has used it for some time there, 
and at Maylield some time before 1847. I recommend^ it in 
one case several years ago. Mr, Thorn found the c> ' ^ 
i¥moval of lime by soda to bo very valuable whrn i 
delaines. Thesoap made with the lime a coating wl. 
ypllow wben heated, and injured the whites. The d" i; i. 
on the carbonates and sulphatejs of lime has not, as far as 1 know, 
been noticed. 

I am aware of certain advantages occasionally received froffl 
having a small amount of impurities sUBpended in the water, 
If a boiler be inclined to leak &lightly, even if in good order or 
quite now, a little mud in the water gradually fills up tJie spaiw 
— too small to be found by the eye, and not eaeily cuivd bv t!ic 
hammer. This m a most legitimat'C use of in^soluble mutter, and 
I do not suppose that it is advantageous to have the metftUif 
surface of the iron within the boiler completely exposed. Anj* 
thing which exposes it constantly is apt to prepare the Wff 
for a new oxidation. But there ia no fear of this great ptmty 
of wat*r, it is not easy to keep it long in the boiler even in » 
moderate condition of t-learnesst. However, the ujie of « littlp 
lime or muddy water, to fill up mmute crevice*, is very cUffeivst 
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t the constant accumulation of mud in the boiler. I have 
I silicate of soda by iteelf as a precipitant, but without any 
ess. One of the substances sold for preventing crust h^ 
L brought to me when writing this ; it is composed of caustic 
. and carbonate, as well as soap. 



ebzbfents relatina to the precipitation of lime akd 
Magnesia. 

early all the lime may be precipitated, and practically we 
say that all may be. The following are fair specimens of 
fc may be obtained in practice — 

n using strong solutions of carbonate of lime, the amount 
in solution was when — 



Precipitated by caustic soda 
„ „ lime 



Not PrecipiUtod. 

1*06 grains per gall. 

1*23 



hen tried on specimens of water sent by Messrs. Clegg, of 

lesley — 

Onins. 
Specimen 1, amount of lime left in a gallon . 0*80 
.. 2. .. „ . 0*20 

3, „ „ . 1*06 

in these specimens were precipitated with great care and 
free from the influence of the air, the whole was thrown 
n. If removed too early, the precipitate is not found at 
bottom ; if allowed to stand too long, a little becomes dis- 
m1. On a large scale we cannot go farther into minutiso. 
lien sulphate of lime exists in the water the amount preci- 
»d was as follows — carbonate of soda being used — 

of Sulphate of lime In Amount of Carbonate of Umo to Amount of Carbonate of limo 
the Gallon of Water. which tho Sulphate is cqiul. actually recovered. 



5-000 


3*670 


3-57 


4*000 


2*940 


2-94 


3-090 


2-270 


2*26 


3*000 


2-200 


0*68 


1*615 


1*187 


M3 


1-292 


0*950 


0-U3 


0*969 


0-712 


0*71 


0*646 


0-475 

ii.; 1 __i :- - 


0-20 

1 A. - iL _ 



early every case the third column is equal to the second, 
ing a complete removal of the lime. 

another case water was precipitated by these four agents, 

the following results — 
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Gnlw of Cuboiuto 
of Ume nmoved. 

By caustic soda 6>46 

„ caustic lime 2>66 

„ soda lime 3-33 

„ carbonate of soda 0*55 

This water contained carbonate of lime ; the carbonate of soda 
is introduced merely to show that it can be of no advantage io 
this case unless made caustic. I find that caustic soda pre- 
cipitates carbonate of lime in a laboratory with much mwe 
facility than caustic lime does, and when a little excess is added, 
it is allowed to gather carbonic acid from the air without forming 
a crust such as lime forms. But this is not an objection to lime 
when used on a large scale, as the water is then put in motion 
and no crust forms ; besides it is possible on a large scale entirely 
to avoid excess. 

I was not so fortunate in precipitating sulphate of magnssift 
when it existed alone in the water. Indeed, when the preci- 
pitate was allowed to stand long, absolutely nothing was to be 
got. In the following five experiments 0*08 gr. remains, about 
the weight of two filters — 

Amount of sulphate? in solution . 12-50 10-00 7*50 6*00 2*50 
Amount of precipitate . . . 0-08 0-08 0*08 0*08 0^» 

A fair specimen of the experiments with carbonate of soda and a 

little caustic soda, is — 



Gr^iinx of Sulphate of 


Grains of CiirlHmiitC of 


Carbonati^ of magnesia. 


iiiagaosU in solution. 




iiiagncHia. 


prcdiiltatc. 


.l-O 


= 


3-5 


. . I*(>0 


:i-o 


-^ 


2*1 


. . 2*r)7 


2-0 


= 


1-4 


. . M4 



This shows that there is a possibility of entirely removing it. 
When i)recipitated along with Hme there is less need of care, 
and three results gave of carbonate remaining unprecipitated— 

drains in a jj:allon. . . . TSO ()-82 0*407 grains. 

But, again, another gave 3*7, this depending on the mani^ement 
of the precipitate, as explained, and partly on the amount of 
alkaline salts in the water. At the same time, the precipitation 
of the magnesia from the sulphate of magnesia is not of import- 
ance, as tliat salt is so very soluble as to be incapable of making 
a crust unless witii the greatest carelessness, and even then water 
would be sufficient to remove it. 
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Summary. 

I will now sum up the conclusions to which I have come relating 
to these classes of waters : — 

1. That chalk waters are best treated by Clark's process ; 
that is. by caustic lime. 

2. That mixed chalk and gypsum waters can be precipi- 
tated completely by caustic soda. 

3. That gypsum waters may be precipitated by carbonate 
of soda, with the addition of a minute quantity of caustic 
soda. 

4. That these precipitations are far more elegant, com- 
plete, efficient, and satisfactory when made in a separate 
vessel, the pure water alone entering the boiler. 

5. That in many cases the precipitation answers very well 
conducted in the boiler. 

Bulbs for Waters (1 and 2) and their Mixtures. 
Ride 1. 

Water No. 1. — Carbonate of lime alone in tlie water. 

The following is the method of treating 1,000 gallons — 

For every grain of carbonate of lime, per gallon = 1,000 
grains per 1,000 gallons, use 1,060 grains of carbonate 
of soda, made caustic with 560 grains of burnt lime. 

Ride 2. 

Water No. 2. — Sulphate of lime in the water. 
Treat 1,000 gallons so— 

For every grain of sulphate of lime, per gallon = 1,000 
grains per 1 ,000 gallons, use 7794 grains of carbonate 
of soda. 

Rule 3. 
Nos. 1 and 2. — Mixed. 

a. For every grain of carbonate, per gallon, add accord- 
ing to Rule 1. 

6. When the sulphate of lime is not above 8 to 6 of car- 

bonate neglect it entirely, 
c. If there be any sulphate beyond that amount, treat it 
according to Rule 2. 

Questions Requiring Investigation. 

Effect of perfectly pure water in a boiler. 
Effect of water containing only a little carbonic acid. 
Effect of precipitation in a boiler both by soda and by lime. 
Fuller account of substances sold for preventing and destroying 
crusts. 
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I shall now add the analysis of some waters which have bea 
sent to me from this district, and some others previoorfr 
examined. 



Water sent by Thomas Clkog & Co., op Tvldeslsy. 

No. 1 is from a well at Tyldesley. 

No. 2 is from the brook in the morning. 

No. 3 is from the brook at noon. 

Grains p«r pJWn. 

No. 1. No. 2. No.l 

Carbonato of lime 8*1 19 4'04 3*47 

SuJiiliatn of lime 8*570 18-83 IMI 

Carbonato of inatimosirt 7*700 7*94 WT 

Oxide of iron 0*220 0-75 0*7« 

Silica 0*860 1-74 HI 

Chloride of sodium, alkaline carbonates, and 

loss 1*341 0*60 - 

Tnorpanic mattor 27*80 33*8 31*24 

Organicr matter 3-85 4*6 4-00 

Tnt.nl 31-68 38*4 35-54 

Hardiipsa 23*00 21*0 i!l-O0 

^b^^(l^cs^^ after liming 9*uO 12*9 li-W 

No. 3 analysis is exact in the lime, wliich is the essential point 
and wa« more lliaii once ascertained ; also in sulphates ; but 
tlio alkalies and tlie magnesia are a little uncertain. However, 
as it was an accidental condition of things, on account of watrt 
flowing from other works, it was not wortli the trouble of a.'tcer- 
taining it more exactly ; it would not be the same two daj^ 
together. 

Water from Deep Well at Seedley Print Works. 

Sulphate of lime 2*714 grains ]x>r gallon. 

Carbonate of lime . . . 6*115 

Carbonato of majjinesia . . 2*050 

Silica 0*3 GO 

('arbonic salt. .... 1*650 

Other alkaline salts, and loss. 0*1 II 



Total inorganic matter. 13*000 

Hardness 10*9 dogrei-s. 

Hardness aft.er boiling . . 5*2 „ 

Hardness before liming . . 5*2 „ 

Alkalinity 5*6 „ 
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SFitiNa Watsb at Sbedlby. 



Sulphate of lime 
Carbonate of lime . 

IVfagnesia = 
Carbonate of magnesia 



Silica . 
Oxide of iron 
Alkaline salts 



9-45 grains per gallon. 
1-51 

4*74 but most as chloride, 
and to be treated aa 
if carbonate. 
O'Ol 
O'flfi, 
0*49 



Total inorganic matter 
Organic and volatile matter 



17-46 



5-20 some of this is nitric 
acid from nitrates in 
tlie water. 
Hardness 16-50 degrees. 



After boiling .... 
After precipitating by lime. 

Clilorino in a gallon 

Brooks neak Levi 

Carbonate of lime . 
Carbonate of magnesia 
Sulphate of magnesia 
Sulphate of soda . 
Sulphate of potnsli 
Chloride of magnesium 


10-50 
10-45 

2-40 

0-42 t 

3NSHUL 
1 
11-52 
2-09 
1-06 
2-65 
1-76 
0-69 
0-52 


't 

tt 

le f 
rat< 

UE. 


dkalies not sepa- 
?ly determined. 

2 

2-70 
4-04 
0-51 
2-50 
l-5(i 
l-.')2 
0-34 


Oxide of iron and alumina 
Nitrate of magnesia 


0-50 
0-69 

21-48 

•08 


0-14 


Error in excess 


13-17 



Total obtained . . 21-40 



Water from near Bury. 

Surface. Well. 

Sulphate of lime .... 1-265 1-292 

Sulphate of magnesia . 0-363 3-950 

Carbonate of magnesia 0-110 3-000 

Silica 0-750 0-320 

Alkaline salts 0-980 2-420 

Inorganic matter .... 3-468 1O-9S0 

Organic matter 0-780 1-740 

The first needs no treatment — the second very little. 
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Waters from Wigan. 
Spfcimens of Surface Wnttr. 





I 


2 


3 


Sulphate of lime . 


. 8'ttT 


9-72 


5-77 


CarboniUe of Hme . 


. 1-7S 


11-18 


4-flJ> 


PltoephBto of lime 


. ft'Ud 


tM)2 


HJiulit 


Carbonate of uinj^ii^ia 


l'S9 


1-44 


4-07 


Oxid^ of iron 


4h(l5 


l)-|-J 


imk; 


Cliloritli- of ]*otfUMtiini . 


, 0-54 


l>-43 


O-.il 


ShIU of sodft . 


, -i^n; 


hr»3 


o^w 


sriicfl. , , . . . 


. fWfi 


i>-(13 


l>4Fl 


Orii^uiip mntter. 


. fi'liO 


IS^O 


S'hi 




23-41 


so-ov 


S2*5»» 



Inorganic matter 



17-41 



14-07 



Ifi'GR 



In analysing waters for praetical purposes, I find it m 
more convenient to put the sulphuric acid first to the Unw. Is 
IB in faet net-eysury, in order t{) obtain tlie end in view. aJthuuf^ 
it may Ije ubjerted to on tlieoretical grounds. 

Part SECom). 

The water from Rochdale Canal ha« froqucntly been com- 
plained of, on account of the property it has of dissolving ircil 
and of causing the oxidation of ytill more of that metal tlao 
it can diaaolve. I first heard at Littleborough of this ijualilT 
of the nnnal water, and obtained a specimen from tiiat villugf. 
I found it to be slightly alkaline, and nut to contain much cu' 
bonic acid. Further inquiry, however, showed a very diffen-w 
condition of things. The acidity at Littleborough has hm 
found to be equal to the saturation of 07O-0-14O graini rf 
carbonate of soda per gallon. At 014<} the amount in suJphum 
acid would be equal to 0I(>! or lOl* grains in 1,000 galioiut. 

Near Manchester tiie acidity in the canal rises higher, and iM 
been found equal to 11 !>9 graimi of carbonate of soda per galko, 
although in Ancoatu it was generally alkaline or neutral. ZM 
graini* must lje coiiHidered a very large amount when it is in 
contact with iron. 

The mode of dealing with such water is simple, as it only 
requires bo be treated with an alkali. For the specimen t«kei 
near Manchet<tcf the amount of carbonate of soda iietre«Aarv i* 
3*99 grains \yet gallon, or I lb. to 1,754 gallons. Lime will 'n\» 
neutralize the acidity, but it is preferred not to ndd time. 

The amount of carbonate of soda required for neutmliiii^ 
water of 070 acidity, such aa ia frequent at Littleborough. » 
J70 grains per 1,00*J gallons. 
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Amount required to neutralize 1,000 gallons of water of the 
acidity of 3'99— 

Carbonate of soda . . 3.990 grains = 9*12 ounoea. 
or Caustic lime . . . 2,031 „ = 4-0 „ 
Amount of water neutralized by 1 lb. of Carbonate 

of Rotla 1,754 gallons. 

Amount of water neutralized by 1 lb. of Caustic 

lime 3.446 

When soda is used this neutralization may take place in the 
boiler without causing much inconvenience, the amount of 
precipitate not being great, especially in the case of the Little- 
borough water. If lime be used, it is much better to have a 
separate vessel or tank for the mixture. In any case there is no 
difficulty in curing this evil which has been so widely complained 
of. 

Rochdale Canal at Littleborough — 

Sulphate of lime 1-916 

Sulphate of magnesia 0*642 

Chloride of magnesium 0*318 

Chloride of iron 0-467 

Silica 0*380 

Other salts 0-187 

3-900 

Organic matter 1-040 

Hardness 0*140 

Acidity — when acid 0*070 

Rochdale Canal, near Newton Heath — 

Sulphate of lime 2*50 

Sulphate of magnesia 1*90 

Chloride of iron 0*28 

Silica 0*75 

Alkaline salts 2*26 

Sulphate of alumina 0*09 

7-03 



Rochdale Canal, at Messrs. M'Connel's, Ancoats 

Sulphate of lime 4*12 

Sulphate of magnesia 
Sulphate of iron 
Alumina and oxide of iron 
Alkaline salts .... 



2*88 
0*43 
0*14 
1*49 
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Alkn Unity 



0-07 



In order to obtain a complete answer to all the questions 
suggested by the varjing acidity of the Rochdale Canal, it would 
be necessary to liavo very numerous exaniiimtions nimie nt 
various times and in many places. Many cau^c^s contribute lo 
ltd acidity, but I am inclined to tliink tliat one only rendt-n* il 
peculiarly hurtful to boileif*. Tbe water at Littleborough ws? 
fnun 007 l-l of acidity, but ftonie taken from a boiler ^ 
hiul been boiling down for a month was 98, whilst anollni i ■ 
to 21'3, ThU WM, in fact, a Holution of iron. When the »c'vi 
watt-r at Liltleborough wa* boiled down far, it gave off muriattc 
acid, and when boiled stitl farther, almoat to dryness, it guw 
off sulphuric acid. A ininute quantity of alumina was got in 
solution. These facts indicate the existence of wat-ers flowijig 
into the canal having acid salts in solution, sulphatef* of iron, and 
of small quftntities of ahimina. Indeed the existence of nuch 
water ia not a supposition, although I have not inquii^ed at whai 
point it entera tlie canal. Possibly it may flow in at varioib 
points. At LittleboTough a manuf^icturer was using water froni 
a well near the canal strongly impregnated with sulphat*! of iron. 
He used it to avoid the water of the canal, but he had chosi'n 
the worse, and the deposit from the boiler wa» rich in osjde <*f 
iron. This will point out one source from which the canal obtaiiL- 
impure water ; there may be thousands of others, Or, as (lie 
water is not afc all times equally acid, tbe acidity may rise tmra 
occasional discharges from coalpits also, or even from nianiifai.'- 
torics. In one other respect the water of Littleboruugh has * 
slightly increased inrlination to act on metals, both lead and 
iron, because of the great-er amount of chlorides in it than 
waters from the hills generally contain. In tliis respect eveii 
the water which is not acid will Ije injurious when it lias bwii 
much boiled down. The amount of chlorides found in water fnim 
a boiler waa just 70 timca greater tlian in the canal water, so 
nmeh greater that the solution of the sulphate of Hine wau pre- 
vented. From thjH water alkahed throw down & bulky whitr 
precipitate. 

On trying the action of Rochdale Canal wat-er at Littleborough 
and of Manchester pipe water in dissolving iron wire, 1 found 
that in a mouth the canal water had oxidized 6-? per cent., and 
the Mancheater water only 4-07. Thi*, of course, was under cir- 
cumstances favourable to osidation ; boilers are not often acted 
upon so violently. 

Peaty matter ia another cause of the acidity of water. Th? 
niosH water is alkaline, in warm autumns especially, l>ecomiiij; 
acid in winter. I should expect this acid to act although slighUv 
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on the boilers, but experlmenta have not yet favoured tliAt view, 
although I havtf iibtained water from Dumirieaahire much 
browner than any water to be found in Lancashire, and also very 

cid from huuiic or peaty acids. Although tliis is interesting, 
ind will probably engnge my attention, it lia-s only a limited 

wiring (tn the maiiufaoturea of tlie neighbourliood. The 
jittleboruugh i*e«ervoir, when tiied in Decemlier 1850. waa 
^ound U> be decidedly alkaline ; at the aamc time the cajial was 
neutral at Tjttloborciugh. The variations are many, and acien- 
litinally it might be interesting to inquire into nmny 4iucHtiona 
t-^Mlily suggested to a (Oiemint ; but |iraetieally I c:an only add, 
that the acidity must be removed by alkiili, und even when this 
done it is neeeasary in empty the bolk^r or Mow out n Urge 
portion of the water At fi-eqiieiit intervaLs. These intervak must 
more frequent, according as tlie situation ia neaitn- Maii- 
Bheater. 

Mr. M'Connel was kind enough to give me a great deal of 

formation and to supply me witli many specimens ; I did not 
analyse all of them fully, as I found that they were not acid, 
»nd that their aetion on the boUer chiefly arose from their eon- 

lining ix good deal of cidorine, and being unprotected by 
Eblkaliuity. 

RrLE FOR Acid Watebs, 

Add carbonate of soda, or an alkali. A degree of acidity is 
the same aa the amount of carbonate of soda required to neutral- 
iJKe it. Therefore, for every degree of acidity add one grain of 
Barbonate of soda per gallon. For 10 deg. add Oi of carbonate 
|t)f soda per gallon, made caustic or otherwise. 

I would prefer carbonate of soda, and to precipitate in a 

eparate vessel. In this way not only is tlie acid removed, but 

the gypeiim decomposed according to the ruhis in Part Firat. 

JBefore the canal approatliea near Marichestci', the water containa 

BO little lirae that this precaution is less retiuired. 
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TARLE IX. 
Solubility of Gases in Water and Alcohol (BrxsES). 





Volume of goB ditwolvod in 1 Vol. 


Oas. 


Of Water. 


Of Alcohol. 




At 32= F. 
10490 1 


At 59= F. 
727-2 


At 32= F. 


At 59" F. 


Ammonia 







Hydroclilorif! Acid 


rjOo'9 , 


458-0 


— 


— 


SiilpIuironH Acid 


08-86 1 


43*564 


328-62 


144-fi.-. 


Siilpluirctti'd 










Hydrogen 


4*37 1 


3-2326 


17-891 


9-539 


Clilnriiio 


Solid. ' 


2-308 


— 


— 


Ctirhonic Afid . 


1-7D7 ; 


1-002 


4-3295 


.3*199.1 


Vrott>xide of 


I 








Kitrogon 


1*305 i 


0-0778 


4-1780 


3-2(iTS 


Olofituit (Ins . . 


' o-2r.fi.'j 1 


0-1615 


3-5950 


2*H82.'i 


IJitiox. of Nitrogen 


__ 


— 


0-31606 


0-279TS 


Marsh fJns 


(>or>4o 


0-03909 


0-52250 


0-482S 


Carhonie Oxide 


0-03287 ! 


0-02432 


0-20443 


0-20443 


Oxygen . 


0-04U41 


0-02980 


0-28397 


(>-2s3!i7 


Xitrogoii . 


0-02035 ' 


0-01478 


0-12634 


0-12Ui> 


Air . . . . ' 


0-02471 1 


0*01795 


— 


— 


Hydrogen 


0-01930' 


0-01930 


0-00925 


0-067 -'.'> 



All gases arc more or less soluble in wat«r and the solubility 
intreasos as the elasticity of a gas decreases. Hence the 
increase at lower temperature and greater pressure. 

Dr. Henry stated that the volume of a gas dissolved was the 
same at all pressures for any given temperature. Hence tlie 
rule that the weight of gas dissolved increases witli the pressure. 
In the table above the volumes stated are those reduced to 
32^ F. and 29-92 inches of mercury. 

In case of a niLxed gas the volume dissolved of eacli con- 
stituent will be proportionate to tlie relative volume of each ga:> 
multiplied of its coefficient of solubility. Thus, if air be taken 
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an example of a mixture of 1 of oxygen and 4 of nitrogen, 
,0 proportion of each gas dissolved will be at 59° h". 

Oxgyen | x 0*02989 = 0-00597 
Nitrogen * xO-01478 = 0-01162 

0-01759 of air. 
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IXFLUEXCE OF SALTS TTPOX THE BOILING POCn: OF 

WATER 

THE presence of salts in water invariaUy raises the tan- 
perature of ebnUition. This depends upon the sdheeiin 
of \the salt to the water. 

Legrand (AnnaUs de Chimie, II. lix. 423) published the foUor- 
ing kjkble. 

In Table X. the weights are taken of the anhydrous salts. 

Experiments are wanting to determine the action of salte it 
higher pressures and temperatures but it may be assumed tlut 
the bad effect of soda in hindering the transmission of he«t to 
water from heated plates has some connexion with this subject 

TABLE X. 

Solubility of Salts axd TEMPERATrRE of Evaporatiox. 



Salt. 


1 Parts of 
1 100 of 


Salt per 
Water. 


Boiling 

Point 

of 


Partaof 

Salt per 
100 of 




212' F. 


213-8= r. 


Saturated 


Water 


Name of Suit. 


' to 
2133' 

9-3 


to 
216-6' 

9-4 


Solution. 


whm 
SaturcteiL 


Xitrate of Soda 


250* F 


224-8 


„ „ Ammonia . 


10-0 


10-5 


— 


I'nliniited 


,, Totash. 


12*2 


14-2 


240 


335-1 


Chlorntc „ 


14-6 


14-6 


220 


61-5 


Chloride „ Sodium 


-■7 


5-7 


227 


41-2 


„ „ I'otassium 


a-0 


8-1 


227 


59-4 


Carltonate of Soda 


14*4 


12-3 


220 


48-5 


Ac(^tat<' „ „ . . 


»>9 


7-7 


25(t 


209-0 


Chlftridc of Hariiim 


19-5 


12-9 


220 


60-1 


Tribiisic Tliospliato of Soda 


1 








and WaU^r .... 


21-0 . 


19*8 


224 


112*6 


Sal Animouiaf; 


7-8 ' 


6-1 


238 


88*9 


Clilorido of f-ah:iiiTii 


10-0 ; 


6-5 


355 


325-0 


Acotato of Potasli 


I0'5 


9-5 


336 


798-2 


Carhtmato of „ 


13-0 


9-5 


275 


205-0 


Nitrate of Lime 


irj'O 


10*3 


304 


362*2 


C'filoridc of Strontium 


l()-7 


8-5 


244 


117-5 


Tartrate! of Potash 


26.0 


20-3 


238 


296-2 


■ - ■ - 


— _ 


.. 








The steam which rises from tlie above at once assumes the 
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iemperature proper to the superincumbent pressure, the in- 
luence of the salt ceasing at the surface of the water. 

Tlie more soluble saJta do not necessarily produce the higher 
>oiling points. 

(See also Appendix No. 4.) 
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WATER AND ITS PROPERTIES 

PURE water is a compound of 2 parts of hydrogen and W 
parts of oxygen. Its specific gravity is unity being the 
basis on which all other specific gravities are stated. 

To heat 1 lb. of water V F. from 32° to 33= requiw I 
British tliermal unit. 

To heat 1 kUo. = 2204 lb. 1 degree Centigrade from (f to 
r = lJ°F. requires 1 calorie of heat =39683 B.Th.U. 

Thus 1 B.Th.U. =0-252 calorie. 

One imi)erial gallon of water at 62° F. = 10 lb. and measures 
277'479 cubic inchen. The American gallon weiglis 8J lb. and 
measures 231 cubic inches. 

The litre of water weiglis 1 kilo. = 2204 lb. and 1 ,000 kilor?.. 
therefore, wei^h nearly 1 ton. 

A column of water 1 foot high exerts a pressure of 0434 IK 
per square inch, and a pressure of 1 lb. conversely represent? » 
water pressure of 23 feet. Hence one atniospliere of prt'Niure 
etjuals 338 feet of water. 

Water is nearly inconipresssible, the coefficient at C.= 
32' F. being 0(KMkl52, and at nearly 35^'. = 127' F. = 0<W>41. 
It is thus ne^li^il)le for the [)urposes of this book. The lieat 
expansion is more considerable but does not amount to 5°(, binder 
atmospheric pressure. The following table XI. gives the weig'nt 
per cubic foot at difTerent temperatures Fahr. 







TAHLK XI. 








\Vi:i(;irr 


or W 


\TKR PEH Cubic 


Foot. 




Illl>. 


W.'iylit. 


Toiiip 


WViglit. 


Tt'inp. 


Wei^-hl. 


21--; 


',*}■- 1 


:irM 


1 55-52 


500 


49*61 


ii.-)i> 


."iH-S I 


400 


■ 5,3-(>4 


550 


■ 4:-52 



:m) I M->t\ 450 I 50-66 62 62-27*1) 

HI2 (12-00 15S 61-00 203 6U-<K) 
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Water solidifies at 32° F. =0° C. and ice has a specific gravity 
of 0-922 and a specific heat of 0-504. 

Water at 32° F. solid absorbs 142 B.Th.U. in becoming liquid 
at 32°F. 

The latent heat of water is thus 142 B.Th.U. per lb. » 7886 
calories per kilo. 

The specific heat of water being 1-00 at 32° F. increases slowly 
with temperature and becomes 1-0568 at 446°. 

As the expansion of water is greater than its rise of specific 
heat the total heat of water per cubic foot will not increase as 
quickly as the temperature. 

The evaporation of 1 lb. of water at 212° into steam at 212° F. 
demands 966 B.Th.U. 

Sea water contains 38 parts per 1000 of dissolved matter, of 
which 25 to 28 parts are common salt or NaCl. The other 
salts of sea water are magnesium chloride and sulphate, cal- 
cium sulphate, potassium sulphate and cliloride, bromide of 
soda, tlie carbonates of Ume and magnesia and others of less 
importance. 

The annexed table gives a few of the figures relative to the 
solubility of salts in parts per 100 of water. 

(See also Appendix No. 3.) 



TABLE XII. 
Solubility of Salts. 



Salt. 




Temperature F. 












32° F. 


70" F. 


212' F. 


Calcium Chloride 


400 


— 


Magnosium Sulphate 
Potafisiuiii Carbonate . 


24-7 
100 


3.50 

80-0 


130 


„ Chlorate 


3'33 


8-0 


60 


Chloride 


29-21 


34-0 


fiO 


Nitrate . . 


13-32 


30-0 


240 


Sutiiliato 
Sixliiiiti Carbonate 


C-97 


12-0 
21-7 


26 
45-1 


Bicarbonate 


0-9 


9-6 


— 


„ Chloride 


35-5 


30-0 


39-6 


,. Sulphate 
Harinni Chloride 


5-02 
35-0 


22-0 


42-6 

60-0 


Calcium Carbonate . 


0-0036 


— 


— 


„ Sulpliate 
Magnesium Chloride 

„ Carbonate . 


0*23 
200*0 

0-02 


— 


0-21 
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SoLUBiLZTy' or the Cabbonates and Oxides or Lim m 
Maoitesia at 60° F. and 212° m Gkaiks feb Impbbial Gmm. 



Carbonate of Lime CaCOs . 
Bicarbonate Ca0.2GOs . . . 

Calcium Oxide CaO 

Hagnesium Carbonate HgCOs 

„ Bicarbonate Hg02C0z 

Magnesium Oxide MgO. . 
Calcium Sulphate CaS04 . 



«»* F. 211' F. 



2-5 


1-5 


60-0 





93-0 ; 


— 


1-5 


1-J 


50-0 





0-15 


— 


161*0 


— 
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AIR PUMPS, CONDENSERS, AND 
CIRCULATING PUMPS 
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CHAPTER XVIIl 



HEAT 



K questions of condenaation and feed beating some know- 
ledge of heat and its effects is necessary to enable the 
.gineer to make correct calculations. 
We only know heat by iU effect;* and assume it to confiist 
atomic or molecular vibration. 

A body ia said to bp hot when it can communicate heat 
other bodies at a lesH tenipf-raturL'. but Uniiitei'aturo is 
erely that quality of heat which is sensible to our nerves, 
'emperature heat ia measured by its effects in causing 
odies such as mercury to expand, and also by the electric 
irrent that is caused to flow when two different Vjodics in 
lircuit are equally exposed to heat as in the thermopile, 
ut temperature is no measure of heat. It if merelj" that 
,ua.ltty wlUch enables heat to pass from one body to another, 
,]id in this way a body containing little heat can be made 
panifl some of its email Btore to a body containing more 
,t at a less temperature. Thus a poimd mass of iron at 
lOO'^F. of temperature will supply heat to a pound mass of 
ater at any lower temperature. Yet the water contains 
veral times as much heat as iron. The actual quantity 
fof heat is given usually by stating how many pounds or 
|)tilogramme8 of water can be raised one degree of tempera- 
ture F. or C, by a given amount of heat. The two quantities 
;of heat necessary for 1 lb. or 1 kilo, are called the British 
hermal Unit and the Calorie respectively. 



Specific Heat. 

That property of a body whidi determines how much 
Ileal 13 represented by a rise or fall in that body of 1°F. or 
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1° C. is called the specific heat of the body. Th 
thermal ujiit which raises 1 !b. of water through 1°F. will raise 
5 lb. of some other body through 1* F. The specific 
heat of the other body is therefore | = 0'2 reJatlve to that 
of water which is rated at unity as standard. 

The Fahrenheit thermometer divides the difference of 
temperature between the freezing point of water and iti 
boiling point into ISO" parts. The Centigrade thermometw 
make-s 100 divisions only. Thus, pure water under the 
mean atmospheric pressure of 14-7 lb. boils at 212'^ F. 
100^ C. and it freezes at 32*^ F. = O*' C. 

Evidently there must be no confusion of thought betwi 
quantity of heat and temperature. If 1 lb. of watt 
contB^ining 100 B.Th.U. above some given temperature. 
said to contain heat = H, then if it be further hea( 
through 10° F. it will contain H + T very nearly, or HI 
B.Th.U. But it is not strictly correct ho to express 
operation, though the result is correct practically siin| 
because the specific heat of water is so nearly constant at 
temperatures concerned in this book that the temperatni 
rise pratitically etiuaU the added number of heat unil 
But snt'h « formula \vould only serve with water. It wmil 
be wrong fur other cases, especially of mixtures of tw< 
different aubstancea. 

A mass nf 1 lb, of iron heated to 132° F, cont 
12'98 BTh.U. measured above :\-2^ F. A pound iiuws uf 
water at 82" F. contains approximately 50 B.Th.U. ahow 
32^ F. Yet if the iron is placed in the water, heat will It-are 
the iron which already contains so little and "wLLl enior the 
water already so well furnished. The final temperature uill 
be removptl from the initial femjterature of (lie water al«'Ut 
e^F. only and the iron will lose 45' F. of the initial ditltrenif 
of 50° F. The temperature of the two substances will then 
be about 87'^ F., showing that the specific heat of the iron 
is about one-ninth that of water. 

Latent Heat. 

Latent heat is heat which ceaaes to show temperature 
effects, being otherwise employed in maintnimng a botly in 
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changed state. Thus water is aaid to have a latent heat 
5f 142'6 B.Th.U.. because in melting 1 lb. of ice from 
52° F. to water at 32" F. nothing is shown by the thermo- 
aeter. yet the heat has gone into the ice and is all absorbed 
ill keeping up tlie molecular activity of liquidity and enables 
^the water to remain liquid or mobile. This same water, 
further heat be added, now shows rises in temjjeraturo 
intil it reaches 212^ F. Then no further rise takes place, 
^et the water all disappears as steftni at 212^ F., and no 
fewer tlian 9(15*7 B.Th.U. disappear with it. Thus we say 
ihat the latent heat of steam is 965*7 boeause thia amount 
>f heat is hidden in preserving the high molecular mobility 
leoeasary to keeji ^^-ate^ in the gaseous state. In tliis volume 
therefore the 



Unit of Heat 

that amount of heat necessary to raise the temperature of 

lb, of water through 1° F., at or near 39-1° F, It is 

Viearly the same at higher temperatures and for the purposes 

I of this book the unit of heat may be taken equal to the above 
duty at any temperature of water used herein. The calorie 
or metric heat unit, is the heat required to raise 1 kilo, of 
vater through l'^ C, at or near 4^ C, water being at maxi- 
mum density at 39-1° F. = 4° C. 

Since 1 kilo. =2-204 lb. and 1* F. ^ :;;''C., it follows 
that *2'204 x 9 -^ fi = 3-968 = number of B.Th.U. in 1 
calorie. 

Consequently I B.Tli.U. = 0-252 calorie. 

I cal. = 3-968 B.Th.U- or approxi- 

mately the ratio is I i 4 for moat ordinary calculations. 

Unit of Work. 

The relation of heat to work units will not be much 
ncedtid in tliis book. It will suffice merely to say that the 
mechanical equivalent of heal is as follows— 

1 B.Th.U. = 772 foot-lb. 

I calorie = 4i>3^55 metre-kilos. = 3003-54 foot-lb. 
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If we take the more recent determinations of the equff 
lent we have — 

1 B.Th.U. = 778 foot-lb. = 107-78 kilojrmmuae-metrw.] 
1 cal. = 426-84 kilogram roe- metres = 3087-3 foot-lb. 

TA.BLe OF Latent Heat Values. 





Per Found. 


t*>i!r KUo. 


i 


B.Th.U. 


f>l. 


OftL 


Mud 


Tc0 to Water. Both at 32* 
Water to Steam. Bottiataia*" 


1 42*n 
&65-7 


35-03 

243*3 


79-2 
536*4 

1 


^^ 



In flteam at 100'' F. or thereahouts, which is practii^Itf 
the temperature of condensers, there are very approxiniiiitri| 
1,000 B,Th,U. of latent heat. This niimher ia thus useful 
rapid calculation. One pound of steam will have to 1 
this amount and a little more. If I lb. of cooling water 
dlaappearSf it must gain the amount and a little more TV 
round figure will aerve very well for our purpose. 

It will now be ohvioua that while calculations are oftfo 
made on secondary facts, it is always better to start from i 
definite datum line. 

Many engineerH ignore the thermal unit altogether, anil 
if asked how to find the amount of air to cool the condensing 
water of a certain power plants they would a.ssume so ruany 
pounds of evaporation per pound of fuel, so much steam 
per h.-p. houij so many times the feed water to pass through 
the condensers, and so on, whereas, given the coal contain 
14,000 B.Th.U. per pound, there will be 30 per cent, lost hy 
radiation or up the chimney and, therefore, 0,800 units wiD 
get to the engines, and since some heat is converted into woii 
^perhaps 5 to 10 per cent. — there may be as many as 9,i)0V 
B.Tb.U- per pound of coal to be carried off in the cooling 
tanks, and tliis ia then the figure on svhich to calcidate the 
air supply. The water ts merely the vehicle of the heat 
and is hotter or colder according to its quantity, but li» 
heat units remain the same. 

152 



HEAT 

Tift Barometer. 

The height of the barometer varies slightly with the lati- 
tude, though hardly sufficient to be of any account in steam 
engineering and, indeed, quite insignificant as compared 
with the ordinary weather variations. 

A mercTuy column will stand at 14'704 in London, 14*6967 
= 1-0333 kilos, per cm. at Paris and 14-686" at New York. 
To reduce to any other latitude the height will be in milli- 
metres — 

Ti n^n (1 + 0-00S31 Sin." 48° 50') , .^^^^ 

H = 760 mm. x - — — —«—r^ -where 48° 50 

(1 + 0-00531 Sin.' L) 

is the latitude of Paris. 

Variation of altitude is serious. At any elevation = B 

feet above sea-level the barometric height in inches will be — 

H = 60,000 (1-477 - log. R) where 

1-477 = log. of 30 (inches). 

. The weight of a cubic foot of air at 62° F. = 532-5 grains. 
When moisture saturated the weight is 529 grains. 

The specific gravity of air is 819 times less than that of 
water and 13-146 cubic feet at 62° = 1 lb. 

The Specific heat of air is 0-2375 at constant pressure 
and 0-1686 at constant volume. 

At 32° F. 1 lb. of air measures 12-385 cubic feet and 
1 cubic foot = 0-08073 lb. One litre of air at 0^ C. and 
760 mm. pressure weighs 1-292743 grams. 
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CHAPTER XrX 
COXDEXSrXG APPARATUS 

THE condenser of a steam engine is a contrivance wha^ 
by the atmospheric pressure is removed from the 
exhaust side of the working piston in order that the meu 
effective pressure on the working side of the piston may be 
correspondingly increased. The maximum possible incre«f 
of effective pressure is one atmcM^phere = 14-7 lb. per squiR 
inch at the level of the sea. Thus if a non-condensii^ 
cnjrine with a given rate of expansion had a mean pressure 
of 4H lb. the addition of a condenser, producing a vacuum 
(jf say 12 lb., would add 25 per cent, to tlie mean pressure 
and elTert a (•orresiK)nding ccunoniy. 

The mean jiressure of factory engines on steady duty i# 
ab(jut 40 to 4.") lb. referred to the final cylinder. About* 
(hird of this is due to tlie condenser, or say 14 lb. below 
the back pressure line of a non-condensing engine. The 

cfMrnomy due to the condenser is thus - to w 

40-14 45-14 

say 35 to 31 per cent., neglecting other modifying conditions. 

WIktc engines work with a ])Oor load factor, as in the 
case of small and moderate electric tramway systems, the 
riu'an pressure is never great and the relative importance 
of thf^ steady vacuum is proportionately enhanced and the 
('cononiy to be derived from a condenser may be very great 
— perhaps 40 or 45 per cent. 

If it were not that a epiantity of air gains entrance to 
tlic condenser with the exhaust steam and through un- 
discovered leaks, the only thing necessary to secure the 
maximum possible vacuum would be to carry a drain pipe 
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nn the condenser to a distance of 34 feet vertically below 
and allow it to terminate in a tank of water or with a 
med-up end. The maximum vacuum, consistently with 
e water temperature would then be secured. But air is 
vays present and must be removed. Hence arose the 
• pump for taking off the air. 



TABLEX III. 
Properties of Low Pressure Steam. 





Lbs. per Bquan inch. 


Tempera- 
ture In 

PoBren- 
helt. 

80 


Total Heat 
la 1 lb. of 

Staam 

raised from 

water at OT. 

BritiBb 

Thermal 

Unita. 


Weight ol 

1 cubic foot 

of Steam 

in lbs. 


Volume of 
1 lb. weight 
of Steam in 
cubic feet 


Specific 
Volume 




Vft- 

t 

lot 
er. 


Total or 
Abflolute 
Pieocun. 


Pressure 

on 

G&uge. 


or cubic feet 
of Steam 
from one 
cubic foot 
of water. 


15 


0'5 14-2 


1137-5 


•0013 


726-60 


45307 


31 


1 


rl3-7 


102 


1145-0 


•0030 


330-36 


20600 


62 


2 1 


12-7 


126 


1152-2 


•0058 


172-08 


10730 


93 


3 


11-7 


141 


1166'8 


-0085 


117*52 


7327 


24 


4 


10-7 


153 


1160-1 


•0112 


89-02 


5689 


60 


6 ' 


9-7 


162 


1163-0 


-0138 


72'66 


4530 


86 


6 Is 

7 ^ 


8-7 


170 


1165-3 


•0163 


61-21 


3816 


17 


7-7 


176 


1167-3 


■1089 


52-94 


3301 


48 


8 u ■ 


6-7 


182 


1169*2 


•0214 


46-69 


2911 


79 


9 ^ 


6-7 


188 


1170-8 


•0239 


41-79 


2606 


10 


10 


4-7 


193 


1172-3 


-0264 


37^84 


2360 


41 


11 1 


3-7 


197 


1173-7 


-0289 


34-62 


2157 


72 


12 


2-7 


202 


1175-0 


-0314 


31-88 


1988 


03 


13 




1-7 


205 


1176-2 


-0338 


29-27 


1844 


34 


14 




0-7 


209 


1177-3 


•0362 


27-61 


1721 


00 


14-7 





212 


1178-1 


•0380 


26-36 


1644 


60 


15 ! 0-3 


213 


1178-4 


•0387 


25-85 


1611 


20 


20 1 5 


228 


1182-9 


1 '0607 

1 


19-72 


1229 



The Law of Mixed Vapours. 

If reference is made to the annexed Table XIII. of the 
operties of saturated steam it will be observed that a pres- 
re of 1 lb. absolute accompanies a temperature of 102° F., 
lich therefore corresponds with a vacuum of 13-7 lb. 
27-95 inches of mercury. In the absence of air this 
tcuum would be secured where the condenser temperature 
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was as low as 102° F., for water vapour at 102° F. cannot 
alone exert a pressure greater than 1 lb. per square inch. 
By the law of mixed vapours enunciated by Dalton, how- 
ever, the pressure in a space containing a liquid and above 
that liquid is the pressure of the vapour proper to the 
temperature of the liquid plus the pressure of any gas, as 
air, occupying the space, such pressure being what would 
be exerted by such air if alone in the space. That is to say, 
the pressure in a space above water exerted by water vapour 
is a function of the temperature and a given weight of vapour 
must always be present in a* given volimie, irrespective of 
how much air is made to enter the same space. 

Thus, a vessel of one cubic foot capacity will contain 
0'03797 lb. of steam at 212° F. and one atmosphere pressure. 
A cubic foot of air at 212°, containing 0-080728 lb., will 
exert a pressure of 1-365 atmospheres. 

If, therefore, into a space of one cubic foot there be placed 
this weight of air at 212° F. and one boundary of the vessel 
be water at 212° F., the pressure in that vessel will be 2-365 
atmospheres, or the joint pressure of the air and water. 
It is very usual to assume that water vapour will condense 
if pressure be increased, but this is not so where the increase 
of pressure is produced by the addition of a gas exerting no 
appreciable chemical attraction on the water. In other 
words it is necessary, says Rankine, to molecular equili- 
brium that a cubic foot of space at 212" F. should contain 
0'0:n07 lb. of water vapour, no matter how much other 
gas be present. Similarly, at any other temperature a 
cubic foot of space must contain that weight of water vapour 
proper to the temperature and as shown in the tables of 
saturated steam. 

Thus, if p is the pressure of saturation of the steam for a 
given temperature T, and P is the total pressure for a 
mixture of the vapour and a gas, as air, the density of the 
gas alone in that space is less than its density at the pressure 

P — jj 
P in the ratio '-. Thus, in a space at 50° F. and atmo- 
spheric pressure = 14-7 lb., what is the air present in a cubic 
foot of space ? 
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lie flt-onm pressure at 50' is 0^173 Ih. Therefore the air 
sure will be i-l-V - 0-V73 = 14-527 lb. The weight of 
a cubic foot of air at 50*^ and 14*7 lb, pressure is — 



0-080721* X 



493-2 



50° + 461-2 



= 0-077885 lb. 



lence the weight of air actually present with the steam 
tone cuhie ft>c:)t vn]\ be — 



0-077885 X 



14-527 



= 0-0769S lb. 



The foregoing potrit has been considerably elaborated 
Hj^use the law teaches us that air present in a condenser 
PBds to the pressure and diminishes the volume. The 

t amount of air pre^nt ia found from the thermometer and 
vacuum gauge thus. If the pressure of water vapour 
the condenser temperature of say 102° is 1 lb., and 
vacuum gauge reads 12*5 lb. while the barometer reads 
U'o lb., then the total prcHsuro P is 2 lb., and aa I lb. is 
tiif pressure of the water vapour, the remainder is that duo 
!« the air = 1 lb. Consequently there must be air present 
in I he condenser that has a density of 1 as against its 
Ktenial den-sity of 14-5 lb. Knowing then the density of 
in the condenser, we can calculate how much is drawn 
at each stroke of the air pump. 

a tight air pump, when the bucket ia at the t-op of its 
jke, the space above the bucket is filled with water at 
I condenser temperature. There is no air, for this has all 
through the delivery valve, the clearance being 
Iter-filh-d. When the bucket descends it creates a vacuum 
tween itself and the delivery valve as good as can exist 
, presence of water at the temperature of that present. 
lis vacuum will be better than that in the condenser, 
vlurii contains air, so that when communication is now 
wtsbtished between air pump and condenser, the superior 
in the latter will cause some of itn contents to ent«r 
air pump to establish an equilibrium since it ia not 
siblo for two unequal pressures to exist in oonneoted 
Assume that the absolute pressure in the air pump 
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is one half that iii the condenser, tlien the volume of vapnur 
entering the eondenser will be only about one-half the ^^^ 
pump capacity, for the vapour already existent will simpir 
be moved up to the top end of the barrel as the furtbff 
vapour enters. The only air present in the pump will fcr 
what rushes in with this last entering vapour, and in ordiflarj 
practice the volume of such a pump as the Edward* 
will therefore be halved so far as its capacity to abstract 
air ia concerned. Probably in practice the inrush of w&t« 
wliich takes place in the^e pumps carrier in with it a lueater 
proportion of air than the above and somewhat ixuproTO 
the pump efficiency, but prima /acU an air pump with i 
foot valve should have a better volumetric etficiency lluc 
a pump without a foot valve, for the foot valve pump dram 
in the average mixture from the condenser. It sufeis. 
however, from such diminution of efficiency as is repre- 
sented by the presstme required to lift the foot valves. Tbis 
need not necessarily be gre^at. 

The law of niLved vapours has been generally neglwud 
by all writers on eoiidensation, not excepting the Author 
It ia, however, not now desirable that this point should \x 
further neglected in view of the high vacua that are «»• 
fiidered desirable for steam turbine work. The subject b 
further touched on when dealing with actual air pumps. 

Having thus far dealt with the question of condensaticw 
on general principles we may now turn to matters of more 
dctalL 

The Water Required for Condensing Steam. 

It i» of little use, of course, to keep a condenHcr verj* coJd 
when much air gains an entrance, and ut no time i» it dc*i^ 
able to reduce its temperature unduly, for the temperatUTT 
of the condenser approximates the temperature of tlw 
moisture which evaporates in the cylinder during li» 
exhaust stroke and is thus a measure of the loss due to 
re-evaporation. Moreover, the condenser outlet temperatuir 
is the initial temperature of the boiler feed water^ and if 
the condensed steam passes to the feed heater oreconoiniKH, 
it ought not to enter this latter below lOC^F. or thereabouii, 
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and a condenser teinpera>turp of llO'^F. or 100° F. should be 
low enough. 

To calculate howmuch water is required for condenemg a 
given quantity of steam, it is known first that 1 lb. of 
water heated 1'^ Fahr. requires one unit of heat — 
1 B.Th-U. One lb. of exhaust ateam at ordinaiy con- 
denser temperature contains about 1,150 B.Th.XJ. above 0'^. 
Of the tot-al steam used by an engine, not less than 10 per 
cent, will pass to the condenser as water. Consequently, 
if its temperature at exhaust in let us aay 200^ F. and the 
condenser has a temperature of 100^ F., the water will lose 
100= F., or say about 100 B.Th.U. per pound. 

Then for 1 lb. of feed water supplied there will be 
,V,th ]b. of water cooled to 100^ F. == 10 B.Th.U. 

I 1050^ I ^ 
|("lISO-IOO)J 

B.Th.U. The total beat to be abaorbed will be 945 B.Th.U. 
and for convenience the amount may be taken at 1,000 
B.Th.U. per lb. of steam used or feed water wupplied. 
Considering the heat lost by ratliation, it Is likely that not 
more than 900 B.Th.U. really remain to be absorbed in the 
condeni^er, so that the figure named should be ample for 
use in the formula below. 

Calling R " the ratio of condensing water to feed water. 
T = Condenser discharge temperature. 
t = temperature of cii-culating or injec^tion water. 
W =: weight of circulating or injection water. 
it) = weight of feed water. 
W 1000 - T 



lb- of steam, which will lose /'iths of 



and ,''^h 



045 



Then B = — = 

w 



T -<. 



Thufl where T = 100'' and 



< - 50° ; R = 



1000 - 100 
100 - 60^ ~ ' 



or the condensing water 



required in these circumntances is eighteen times the feed 
water. In practice R varies from 20 to 50 and even more 
where the supply of water ia warm, as from an insufficient 
pond or cooling tower. 

The condenser temperature wiH be T = ■ — . 

1 + R 
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Capacity of Condeiiser&. 

The capacity of a condenser depends to some ext^^t 
the speed of the ah- pump. It must be of such Tohune 
the pressure of accumulating air shall not be a nerious 
tion of the condenser mean pressure during one cycle 
air pump. 

A condenser must also be large enough to accept 
vulume of steam from the cyhnder and ex]xw^ it to 
surface of cold tubes or of water spray instantly to oondfitW 
it. 

Tlio air which enters a oondenser may cooie in to tltt 
amount of 5 per cent, of the volume of injection w»le- 
This air only enters injection condensers. 

Gland leakage accotinta for about five time^i the abow 
quantity. The total volume at atmospheric presaurp mvj 
thuj* be 0-30 of the volume of the water Arrived in the 
oondenaer the air expands in accordance with the abeoluti 
pressure therein. In practice one can only find how modi 
air is present when we know the pressure and temperaUn 
as explained earlier. 

Condenser capacities have been fixed by practical eipf- 
rienco at one-fourth to one-half the capacity of the lo«- 
presBure cylinders they serve. When of surface type tiui 
does not include the volume occupied by the tubeet. 

Varieties of Condensers* 

There are three main varieties of condenser^ viz., JeL 
Surface and Ejector. 

The Jet Condenser. — This is a plain vessel which admrti 
fltoam usually at the top and water is injected at right ' 
to the steam entrance and is sprayed by the whirling n 
imparted to it by its passage through the injection valrr. 
The base of the condenser (Fig. 32) is connected witli the 
air pump, a foot valve being interposed in old practice, but 
now usually omitted. 

A jet condenser may always be employed if a soft clraa 
feed is available. In such a case it is good practice to yts 
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ne fe«l water through a email surface condenser placed in 

le path of the exhaust steam to the jet condenser. 

Tlie Surface Cofideih''er.^Th\s is intended to conserve the 

Condensed ateam in order to avoid scale in the boilers. In 

1 usual form it consists of a cylindrical vessel closely packed 

ith tubes through which the condensing water is circulated. 

7lth ample surface well distributed so that the whole tube 

irfaee is swept by the steam and short circuits of steam 

Avoided the amount of circulating water should not be 

iter than that called for by jet condensers. More is often 

quired, but the mean temperature of the circulation water 

be low. indicating inefficient tube surface. About 10 lb. 

^f steam per hour can be condensed per square foot of tube 

face. The indented tube of Row is claimed to have 

louble this efficiency owing to the turbulence of flow through 

It and it has been shown by Stanton ^ that better result-s 

obtained by small tubes of great length placed vertically 

rith down-flowing water, owing to the turbulent flow which 

^fessor Keynolds shows to exist when the velocity of flow 



a certain critical rate V, where V 



where 



847 D 

— the diameter of tube in feet and P is a value based on 
^he temperature Centigrade = (" C. P = { 1 + 0-0336 t° + 

Turbulent flow adds greatly to heat absorption efficiency. 
Ordinary condenser tubes are from & to | inch diameter 
ind J,, inch in thickness, but it is suggested that diameters 
J inch and | inch would be better. 
In order to promote efficiency the water usually makes 
fcwo pasae-9 through the tubes. The steam meets first the 
pipes of the second pa&a and fmally the first pass tubes. 
Suitable baffio plates are applied in order to spread the 
bie^m ttiroughout the body of the condenser. 

It is quite usual to pass feed water through a small section 
;>f the surface condenser, certain tubes being set apart for 
purpose so as to encounter the exhaust steam fresh 
the cylinder. 



MintUe-D oj Proc, I.CrE,, vol. cxxxvt. part 2, 
i6i 
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ft hi Hometimes the CAse that stean: to be «KideDeec ra^pf^ 
through the Ui\mx, the vater suiRAindizig t^ac. ITzot 
thft watfrr aupph- « very Ui^e this i* periufie ifaf l^cser -nr. 
ft ii( the practice with water Hip{^ conqnaies- vii: :^ 
rrjalce usie of the whole water snp^tJr as aicnlaiaDC wus. 
fjaw.mg it all through the condensoe. 

Mr. H. W. Allen finds the fiictioD of water thro*^ sCf:«:d 
';findea>ier tubes by the followiDg focmula^ — 

A = / , where h = head, in feet. lost. 

I — tube length in inches. 

V = velfx;ity of flow in feet per seccmd. 

d — internal tube diameter in inches and / is a ccefficioit 
whK;li appf;ani to have a mean value (rf 0-024 for rates d 
diw;harge of from 3 to II gallons per minute. 

fV^ndcnser tubes being of brass are always smooch in- 
i';mully and when used with salt or corrosive Tatn* iIkt 
apr \.\ut\i:f\ for \iri>ii:(X\<m against corrosion. 

.M'THwrH. All<;n & Co. make condensers in which the upper 
bank of tulifjH in a horizontal condenser are more wJdcA 
M|m(:*!*l apart tliaii the lower bank tubes in order better to 
admit Hlcani wliiirh strikes first the upi>er bank of tubes. 
Aiirilhcr incthorl of arriving at the same end is bv omitting 
j'oinc of ill*; tubr'H as will be seen illustrated later. They 
alHo roiiHtriit;t a condenser in which the lower tubes are 
\u\\ucrHi:i\ in Ihe condensed steam, which is thus cooled to a 
rniiiiniurn i<;Tn|)oralure and a better air-pump efficiency is 
olHaincd, as <l(!scribcd under the head of vertical condensers. . 

The Ejector ('ortde.yitfcr. — In this apparatus the enei^ in | 
the cxhatiHi Hicani is made to produce the necessary vacuum 
liy r(?ason of tlic velocity of flow impressed on a stream of 
wat(T, 

Tlid outllow of Ktcam is governed by the laws of fluid 
!iioMon. Tlic outflow velocity of a fluid is V = ^Sj^A 
where ij gravity — :i2-2 h = head in feet and V = feet 
veloeily jH>r secontl. For stoam the head h at 31b. pressure 
ahsoluto is rnon; llian 7.000 times that of water. 

' MimUif (>} I'roc. I.C.E., Session 1904-5. 
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Thus, if the pressure difference in an ejector is 2 lb. or say 
feet of water head, the steam head is 4*6 x 7,330 =33,718 

>t and V - 1,472 feet 

simple formula for V is V = 60 ^ T where T ih tho 

isolute temperature. A minimum of 888 feet per second 

also given for the velocity of steara into a presnure less 
than three-fifths its initial pressure. In any case the velo- 
city is high and the mean velocity of a combined jet of 
ateam and water will depend on the ratio of weights of water 
and steam. Thus, assume 29 of water and one of steam 
or a total combined jet of 30, then the velocity will be 
tme-thirtieth of say 900 — 30 feet per second, or one-thirtieth 
of say 1,200 — 40 feet per second, velocities coiTespondrng 
with a pressure of 6 and lOJ lb. respectively. M^ith less 
water and an initial water velocity the combined velocity 
will often be such as to produce a vacuum of 26 inches of 
mercury, or about 13 lb. This represents a head of about 
30 feet of water and a velocity of nearly 44 feet per second. 

It is therefore advantageous that the water should ap- 
proach a condenser at the maximum velocity and that it 
should he as cold as possible in order that as little as possible 
ehould be employed, and that the steam energy should be 
utilized in adding to the velocity of approach and not in 
naoving the water from a state of reM. Ejector condensera 
work best when the water flows from a reservoir above. In 
practice the water is often supplied to them by a centrifugal 
pump. 

The atmospheric condenser is merely a special case of the 
surface condenser, but the cooled surface is exposed to the 
air and the cooUng eSect is sometimes augmented by the 
flow of a thin film of water over the surface of the pipes. 
In this case the condenser is laiown as the evaporative con- 
denser because the steam 'nithin the pipes is cooled by the 
abstraction of heat necessary to permit of the absorption of 
the external film of water by the passing air. An evapora- 
tion of 1 lb. of water outside the pipes will absorb the 
latent heat of an equal weight of steam inside them. An 
exposed position, as on a roof, is beat for these atmospheric 
condensers. 
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Calculations. 

All calculations for condensiijg plant should be l>aml 
simply on the thermal units to be dealt with. StAteninrix 
of horae-power are useless. The weight of steam to be ow- 
denaed must be knowTi and this will varj" from as little ai 
13 lb. per kilowatt hour to as much as 50 lb. according to 
the load factor of the running plant. As stated already. 
1,000 B.Th.U. may be assvimed per pound of steam «»- 
densed and 1 B/fh.U. per pound of water raised I^ F. 

General Design. 

This may vary much. Large modem power stations iff 
tending very much in the direction of separate unit*, eadi 
main engine haviiig its own condenser plant aj? well as iu 
owTi particular set of boilers. Thus the Chelsea Povn 
House of the MetropoUtan District Railway of Loudon i* 
little else than eight distinct one-engine stations housed 
under a single roof, each of the 5,500 kw* " turliinci 
drawing its steam from eight boilers and passing it on lo 
one condenser. There are thus eight turbines, sixty-four 
boilers and eight condensers : and eight air pampa. 
Much of course will depend on the size of a station. Tbfs 
condensing plant may consist of fewer unites than the 
engines, more than one engine exhausting to each condwiser. 
Or each engine may drive its own air pump and use 
a common condenser, so that the maximum of condenser 
area is always in use and each engine draws o£f its own 
proportion of air. 

Again, the air pumps may be entirely separate from the 
main engines and may be driven by their own direct-acting 
ateam cyUnder, by a high-claaa rotative engine, or in ui 
electric station by an electric motor. There is, indeed, no 
limit to the permutations and combinations that may be 
effected and good reasons can be found for or against afljf 
arrangement. 

Thus, an independent air puniji may be wastefiiUy ovtf- 
di'iven to conceal air leakages. Needless hardlv to sav. nil 
leakage should be no minimized that when ever>'tliing i» 
shut down the condenser vacuum should not fall 3 lb. in 
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%n hour. Good joint rings and well painted vacuum sur- 
faces and fibrous packing to vacuuai glands can be made 
permit of this. 

A common air pump, other conditions being good, can* on 

fche other hand, be varied in speed to suit the numljer of 

lines at work. The independent air pump also allows of the 

racuum being pumped up before the main engine is started. 

Where steam-driven intlependent air pumpa are employed 

ley may uaefuily exhaust to the intermediate receiver of a 

lain engine. 

In tramp ateamers, which have the most economical eteam 
plant, everything k driven off the main engine and it is 
obviously more economical to drive from the main engine 
than it h to employ numerous auxiliarieti. 

It \& often urged that auxiliaries can use their exhaust 

heat the feed, but this is a partial truth only, for the 

jonomizer or flue feed heater will ui^ually supply feed water 

aotter than it can be given by exhaust steam heating. Where 

there is no economizer the feed pump ateam may thus be used. 

The position of condensing plant is generally below the 

lain engines for convenience in drainage and wat^r supply. 

The injection or jet condenser will draw its own water frora 

depth of 17 feet as a rule without risk of failure. It is 

ilso undesirable to raise the circulating water too high above 

supply level and the circulating syat-em should be a closed 

circuit, so that the only duty of the circulating pump should 

ye to keep the water moving, since the descending stream 

ill balance the ascending stream. Air will sometimes lodge 

%t the liigh points in a circulating system and these high 

Mnta may be all piped by small air pipes to an ascending 

lain canned up fully 36 feet to a small closed tank from 

rhich the air is drawn off to the air pumps. This will safe- 

jard the centrifugal pump from failure, for it must be one 

of the trapped points. 

In large stations the circulating water is led through the 

ition in a. large pipe, from which each condenser pump 

raws its supply and every condenser circuit discharges into 

another parallel pipe. It is usual to provide that either 

pipe can be used alternatively as the supply or the discharge 
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main in order to overcome any trouble with silting up, eepect- 
ally when drawing from a muddy or tidal river, the ailt being 
driven out by the reversed flow at times of low tide. 

A silted pipe may be cleared by passing through it in the 
direction of flow a large wooden ball slightly smaller thin 
the pipe bore. The ball floats in the full pipe and the ruili 
of water past the narrow crescent beneath it sluices fonmrd 
all mud. Certain silt will settle so firmly as not to he tuov«d 
by the ordinary flow, and as such supply pipes must y 
wholly below lowest water level, silting ia apt to be very 
troublesome. 

When an air pump is directly driven by the main engine 
and this is of large vertical type^ there is no better style vi 
pump than the vertical driven by a lever of the first ortl« 
pivoted on the baok standartfe of the engine and driven ofl 
the cro88-head. To shorten the height necesaary the m 
pump may have a trunk bucket, the connecting link to the 
driving lever being piimed to the bottom of the trunk. Bat 
ordinary rods and glands are usually available. The ok 
pump is practically of the type of Fig. 50, but with a closed 
top for delivery of the water except at aea^ or with surface 
condensing, the water may flow down to a well to supply the 
feed pumps, or to be removed by other means. In the old 
factory beam engine the air pump is almost invariably 
driven off the inner pin of the parallel motion at half thr 
stroke of the ateam piston or thereabouts. Some largf 
horixontal engmes drive the aif pump by an L lever from tlw 
tail rod of the engine, while others again have driven an 
inclined air pump o3 the crank pin by a long diagonal rod. 
Air pumps have also been driven by large ecceutrics, but tlu* 
cannot be regarded as a very satisfactory method and the 
eocentriea are apt to run hot. 



Exhaust Pipes. 

An exhaust pipe between an engine and a, condenser must 
obviously be much larger than the steam supply pipe beoauae 
of the increased bulk of the steam. fl 

A customary rule in English practice is to make tW 
exhaust pipe twice the area of the steam pipe. American 

i66 



CONDENSING APPARATUS 



practice favours a ratio of 3 to 2 only in area» or the steam 

pipe haa an area 7 per cent, of tlie cylinder and the exhauBt 

pipe of 10 per cent. 

Whereaa steam velocity is limited to 100 feet per second, 

lat of the exhaust may be upwards of 200 feet per second 

ccordiug to Rankine. But looked at in another way the 

iensity of high-pressure steam is that equal to a volume of 

>5 cubic feet per pound. At atmospheric pressure the 

ienaity is that of 2fi'S3 feet per pound or 1 ; 10, and at con- 

Jenser pressure it is more nearly 1 : 100, as compared with 

litial steam. We know, however, that the vetocity of flow 

?f exhaust steam is very great indeed^ for at once when the 

exhaust valve opens the pressure very quickly falls to that 

proper to the condenser temperature. A rule for velocity 

feet per second is V — 60*2 T where T is the abj^olute 

temperature and V — the velocity of flow into a vacuum. 

Steam of any pressure flowing into any other pressure less 

|than three-fifths the initial has a velocity of B88 feet per 

QCond. Hence the weight discharged is proportionate to 

the density, and the weight discharged per muiute may be 

found by multiplying the area- of pipe in square inchea by 

|370 times the weight of a, cubic foot, 

Thus^ an engine of (3,000 horse-power uses 12 lb. of steam 
per horse-power hour, or 1,200 lb, per minute. 
Exhausted at 3 lb, absolute into a condenser at less than 

I^ths of 3 lb,, oraay 1-5 lb., the velocity being 88S, the area in 
square inches will be found from the foregoing formula, or 
W = 370 X A X D. Now D for 3 lb. is 0-00853 lb., whence 
t 



A = 



W 



A = 



= 380 = 22 inches diameter. 



370 X D 

Now W ^ 1,200, so that 
1,200 

In brief, the area of an exhaust pipe in square inches may 

bo a fourth to a third of the pounds of steam used per minute. 

A deficiency of arc^i will increase the back pressure in the 

. cylinder and a cold condenser will help to keep down the 

^tpresBure in this to less than three-fifths the cylinder hack 
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pressure, and so help to maintam the flow velocity of HS 
feet per second. The law of mixed vapours here points out 
unmistakably the importance of keeping air out of tU 
condenaer* 

Cooling Surface. 

This at 10 lb. of steam per square foot per hour would 
amount in the above example to 7.200 square feet. \Vilh 
I tube-s the approximate ext-emal area is 1 square foot jht 
4 feet length of tube. The tube length must therefore be 
28,800 linear feet. 

If the tubes are 7 feet long there will bo 4,111 tubes in ftl 
The area of a g tube is 0*6 square inch and the equivalent 
area reduced for effect of vetta coniracia iti 0*36, Then 4,111 
X 0-3fi ^ 14H0, or fully 10 square feet. This is so great in 
area for water passage that it is obviously possible if we 
desire it to add to the length of the tubes and reduce theff 
diameter and number. 

The actual tube area is 24(i6*6 square inches, or IT sqour 

Bt. 

'At 30 times the feed water the amount of circulating vater 
is nearly 10 cubic feet per second, fto that the velocity of 
flow is under 8 inches per second. 

Taking Professor Reynolds* rule for turbulent flow and 

aasuming the water to have a temperature of 30*^ C, we have 
p 

and P = (1 + 0-0336 T + 0-000221 T) ~^ . 



V = 



84-7 D 
Then P = (1 + 1-OOS + 0.199) -^ = 0'45. 

Now D = i inch — 0-073 feet. Whence V = 



0-45 



= 073 
t 

feet per second = I inch per second. Turbulent flow ii 

thus assured. 

Tlie rule ia apphcabte to vertical tubes with down-flowing 
water and does not seem to have D:LUch connexion with 
practice, for the velocity of flow can hardly ever be le^s than 
that which gives tm-bulent flow if the rule is correct. 

If the water flows downwards in the tubes the steam 
should flow upwards. It is usual to make the water flow 
through the tubew in two sections. This at once halves 
the area as found above to the equivalent of 5 square feet 
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effective or 8-5 actual and increases the velocity to 16 inchea 
per second, 

Even three sections of tubes are sometimes arranged so 
that the st^am can enter at the 
top of the condenser and tlie 

condensed water can be led 

away from the base. More i= 
usually condensers are hori- ^^ 
zontal^ the water making two 
passes through the tubes and 
the steam meeting first the 
hotter \vat«r, or, as before said, 
even a feed water heater nest 
of tubes through which the feed 
pa^es on its way to the econo- 
mizer. ^ 

Many horiKontal condensers 

have tubes of about H inch fio. 31. Pbi^otive Ideal Baho- 
diaraeter, fitted sometimes with metric CoNDENSEit. 

internal pipes, the water tube 

being closed at one end and the inner tube serving to 
carry water into it, the w^ater returning by the annular space 
between the inner and outer tubes. Such tubes being free 
at one end do not suffer expansion stresses 
and may be expanded at the other end into 
tube plates. When both ends are fixed in 
tube plates the stresses soon cause leakage, 
and though one end may be expanded fast 
the other end must have a gland and pack- 
ing of cotton ao as to allow alight move- 
ment of the tube. 

Wooden ferrules are sometiniee used as 
packing. One-half the tubes may be fixed 
into one tube plate and the remainder into 
the other. This leaves more room for the 
packing glands or permits closer nesting of 
the tubes. 
When steam enters a eondenser-and meets the surface of 
olosely packed tubes the space between the tubes is not 
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Fta. 33. aimrACE Baro- 
twrmc CoNDENstm. 



sufficient to allow free passage of the steam to all the tube 
surface. It is now the practice to omit certain tubes, « 
that gaps are left in the external ml)! 
of tubes by which the exposed w»il- 
ing of tubes is much increased and 
steam is taken well into the middle 
of the nests of tubes, as in Fig. 38. 

The various condenser systems dt- 
acribed are shown in the accompftiij^ 
ing figures. Fig. 31 is the first ide« 
of a barometric condenser B, placed 
so that the height H is over 30 feet. 
Steam enters from the cylinder C 
through a valve E and water enter* 
from R. 

This arrangement will act until il 
becomes full of air. A small dry air 
pump is required to niake it a coo* 
tinuous success. 

The plain jet condenser is ihAt k 
Fig. 32 and is simply a cast-iron ji 
Steam enters at S, water at W and tlie air puinp dra* 
away steam, and water from the base. 

A barometric con- 
denser may be ar- 
ranged on the surface 
principlcj aB in Fig. 
33, the dry air pump 
serving to withdraw 
any air not carried 
off by the down-rush 
of water. 

The general idea 
of the horizontal sur- 
face condenser is that 
of Fig. 34, where the 
eondenaed steam is 
drawn off by a feed pump and the air by a separate air 
pump^ which may also, if large, be used to draw th* 

170 






J* _ /To *.* 



Fio. 34. HomzoNTAL Subfack Comsi 



CONDENSING APPARATUS 

oirculating water through the tubes. This implies special 
design. 

Incrustation. 

Condenser tubes are apt to become coated with scale on 
the water side in process of time. They can usually be 
cleaned by circulating through them a current of water 
acidulated by hydrochloric acid in order to dissolve the crust 
which is carbonate of lime. The acid should be a 20 per 
cent, solution only, or even less. 

Economy of Condensing. 

The following Table XIV. is given by the late Charles E. 
Emery, Ph.D., to show the economy that may be secured 
by condensing, according to the class of steam engine 
employed. It is for average conditions and steady loads. For 
underloaded engines, as in a traction plant, the economy 
wiJl often be very much greater than given in the table, on 
account of the very low mean pressures that are usual in 
most traction engines. 



TABLE XIV. 



Type or Enoinb. 



Nair. 



Simple High-speed 
Simple Low-epeed 
Compound high- 
speed 
Compound Low- 
speed 
Triple High-speed 
Triple Low-speed . 



Feed-water per Indicated Horse-power 
per hour. 



Non-Condensing. 


Condensing. 


Probable 
Limita. 


Assumed 

for 
Compari- 
son. 


Probable 
Limits 


Assumed 
for 

Compari- 
son. 


lb. 
35 to 26 
32 to 24 


lb. 

33 
29 


lb. 
25 to 10 
24 to 18 


lb. 
22 
20 


30 to 22 


26 


24 to 16 


20 


27 to 21 


24 
24 


20 to 12} 
23 to 1 4 

18 to 12J 


18 
17 
16 



Per 

Cent. 
Gained 

by 
Condens- 
ing. 



33 
31 

23 



29 
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SoIubtHty of Cues in Water. 

The volume of gas that will diasoLve in one volume ot 
water is called the ooefficient of absraptian; the volume oE 
gas being measured at 32° F. and 30 inohee barometer ((fC 
.and 760 mm.). Bunsen's table of solubility coeffidentsii 
given below for a few gases likely to ooour in feed water. 

TABLE XV. 



Temperature: | 


0"C. 
82" F. 


a- a 1 io» c. 

41' F. I «0"F. 


0S*F. 


M'C. 

•rr. 


Hydrogen . 


OH)103O 


0^)1930 ' 0K)193O 


0^1930 


0<01«M 


Oxygen 


0*041U 


0H>362S ! OH>820O 


<M>2989 


04n8tl 


Nitrogen 


0K)2035 


0K)1794 ! 0^)1607 


0-01478 


O-OI^OI 


Air 


0*02475 


0*02179 1 0*01953 


0-01795 


0*01701 


Carbonic acid . 


1'7967 


1*4497 i 1*1847 


1-0030 


0-9014 


Carbonic oxide 


0'03287 


0*02920 , 0-0263S 


0-02432 


o-<ma 


Carburetted hydro- 










gen, CH4 


0-05449 


0-04885 0-04372 


0-03900 


0-03491 


Carburetted liydro- 










gen, CsHi . . 


0-2563 ' 0-2153 0-1837 


0-1615 


0-I4S8 


Sulplmrettod liydro- 


1 
1 






gen .... 


4-3706 , 3-9652 ' 3-6858 


3-2326 


2-9053 


Ammonia 


1049-6 1 917-9 812-8 727-2 


654-0 



At the boiling-point practically all gas is occluded. The 
solubility increases in proportion with the pressure, showing 
that gases are soluble by volume and not by weight. The 
above table contains all the information likely to be needed 
in practice, and shows that ordinarily it is carbonic acid gu 
which is to be dealt with, but that in sewage or other badly 
polluted water there may be large volumes of sulphuretted 
hydrogen in the injection water, such as is so much used in 
the town of Oldham for example. 
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deal with a good supply of water falling from above. TIk 
ojeclor condenser may also bo assisted by a barometric 
discharge or gravity pipe. 



The Wheeler Condenser. 

The single-ended condenser, used in America but Htllt 
i>mployed in Great Britain, with inner pipes and double 
water eliambers is phoiiTi in Fig. 36, where a combined air 
and circulating pump ia shown attached below the wo- 
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denaer. These condensers may be either circular or recV" 
angular in cross section. Note the baffle plate under the 
steam inlet to spread the steam. The air and circ^ulutbig 
pumps are driven by a central eteam cylinder, the cxUaurt 
from which should pass into the intermediate receiver of tlie 
main engine or through a feed heater, if either course is open. 
There is an objection to thie double-tube design in the cool- 
ing of the outgoing water by the ingoing stream and vkt 
verad, and the single tube is to be recommended in pre- 
ference. 
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Morton's Ejector Condenser^ 

made by Lcdward & Co. is shown in Fig. 37. It coiisiste 
af a Jieries of combining conea hy which steam enters a flow- 
ing stream of water from a nozzle above. The principle of 
action haa already been cxplainetl. The 1^ inch aize will 
_ condense ordinarily 200 lb, of steam per hour and the 
IS inch size as much as 36,000 lb., the ratio of water to 
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Fig. 37- Kjkctoh Cobdknsee (Ledwafd). 

%m being assumed 27 : I, the power to pump which is 
Considered to amount only to about 3 per cent, of the 
economy due to the condenser. 



Surface Condenser with Through Tubes. 

This type is illustrated in Fig. 38 in cross section for the 
jurpose of sho^ving the rows of tubes omitted to facilitate 
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entry of steam. Here the steam first strikes a distribuUni 
perforated bafflu plate, and U subsequently further regulate 
by other baffle plates, The illustration is from a design 1 
Isaac Storey & Sons, Ltd. 
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Fio. 38. Cftoss Section or Sukfape Coitdenber (Isaac Btorpy & I 



The Vertical Coridenser. 

In Fig. 39 is shown the arraugement of the vertical con- 
densers of the Yorkshire Power St&tion at ThornhilJ. and of 
the Lancashire Power Station at Radcliffe, Each of thn* 
condensers is intended to deal with 37,000 lb, of steam pft 
hour and a vacuum of 28 inches is sought with a 30-incli 
barometer. 

There are 4,500 square feet of coohng eurfaee disposed 
in solid drawn brass tubes, 1 inch extern&l diameter, of II 
s.w.c.^ and 12 feet G inches between tube plates, which aif 
of 1 1 inch rolled brass. It may be noted here thai a hna 
tube plate possesses the advantage of having a similar co- 
efficient of expansion to the brass tubes. 
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The water and steam run in counter current throiigli the 
andenser and each makes three passes through the full 
ength of the condenser. 

The air pumps in this case are three-throw Rdwarda 
[blimps 16 inches diameter, & inches stroke and run at 165 
170 rp.m.^ with brass Imers and buckets and rods driven 
by 15 horse-power direct-coupled motors. There is a flanged 
DiipUng between the motor and the pump Hhaft with three- 
£teenth8 clearance between the faces. 
The driving pins are fixed in one half and fit into clearance 
>lea in the other half. 

Provision is made to circulate forty-five times the feed 
pater supply at a temperature not exceeding 60"^ F., with a 
Hew to a high vacuum for the turbines. 
This high vaccum is sought in another way by the device 
tjown in Fig. 40, which is a cross section of a condenser by 
J. & J. Weir, In this condenser the outlet for the water is a 
>nnetcd stand pipe A, so arranged with an outer sleeve B 
[id cover C that the air pump always draws the lowest 
rater from the condenser and the accumulation of water 
ends to E E above several rows of tubes, which serve to 
^hill the water on its way to the air pump . Thus any vapour 
the air pump can only exist at the pressure proper to the 
J/Cmperature of the cooled water, and since tliere cannot be 
^0 different pressures in the same space vapour and air 
ifih to the pump to restore equilibrium. The vapour con- 
ienses and the rusli continues until equilibrium is estab- 
shed by the air. There is thus more air in a unit space in 
le air pump than in the condenser and the pump efficiency 
therefore improvetl and the condenser is better depleted 
af air. 

In the vertical condenser plant above described there are 

aaU air pipes carried from the top of the condenser and of 

\xe centrifugal circulating pnmps and every high point 

^here air might lodge. These are carried to a closed tank 

about 40 feet high, which is exhausted by a special pump. 

The object is to ensure that no air shaU lodge in any of the 

above points to destroy the action of the centrifugal pumps 

^t otherwise hamper circulation. 
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In Fig. 41 Is shown the vertical smgle-flow oondeoMr 
built by James Simpson & Co., Ltd., for the Uzidfiignxmd 
Electric Railways of London and installed at Lots Roid, 
Chelsea. 

Eight of these condensers have been built and fixed, 
each having a cooling surface of 16,000 sqtiare feet, and 




Fia. 40. 



Ckoss Section of Hobizontal Cokdenseb showing Watei 

Outlet. 



capable of dealing with a normal load of 86,000 lb. of steam 
per hour. 

The air pumps are of the dry vacuum type, and have a 
displacement of about 900 cubic feet per minute. 

The condensed water pumps are of the centrifugal type 
and each is capable of dealing with the above quantity of 
steam. 

Each of the eight condensing sets is independent in evoy 
way of the others, and is proportioned to deal with an ove^ 
load of about 50 per cent. 

At Fig. 41a is shown a Vertical^ Double-flow Surface 
Condenser, also by James Simpson & Co., Ltd. This coa- 
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Jenser has a cooling surface of 5,400 square feet, and is 
ipable of dealing witb about 50,000 lb. of steam per 
lour. 

From the arrangement of the inJet and outlet brauchea 
lor steam, circulating water, and air-pump dischar[j;e, it will 
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Fio. 41. Vertical Sikole-Flow SmiFACE Oonhehseb. 

Ibe noticed that the steam pstssea through the length of the 
condenser twice, viz., down one side and up the other. 

Air pumps of the dry vacuum type are used in connexion 
with this type of condenacf, bo that the vapours and the 
condensed water are taken out separately. 

In Fig. 416 is shown the same firm's Vertical Single-flow 
Surface Condenser suitable for muddy circulating water, 
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This condenser was speoiaUy designed with the object oC 
using very dirty oiroobiting water carrying coosidefable 
quantities of mud and leaves : special means have been 
provided for arrepting this matter by providing a laxge 
chamber at the bottom of the condenser, to act as a settling 
chamber ; and gratings or screens to arrest any floating 
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Fig. 41a. Vkbtical DoxmiM-Fhow SimFACB Condenbeb. 

substance, while the pipe connexions are arranged in such 
a way that both halves of the condenser can be worked at 
the same time, or separately, so that by closing down one 
half of the circulating system it can be readily cleaned, 
whilst the other half is carrying the load with a slightly 
reduced eificiency. 
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10. 416. — VERTICAL SiNQLE-FlOW Sb-RFACE COKUENSER, SUITABLE FOR 



MUllDY CIRCULATING WATER. 
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Th« EvaporaliTe Condenser^ 

This condensa is shown in Figs- 42, 42a, and consisu oi n 
ArTBQgFQient of gilled cast-iron pipes exposed to mt and to 
films ct water Abont two-third» the weight of steam oca- 
densed by them is evaporated ou their outer soHaoeft. 

It appears from some teste made by Mr. Lof^gridgr iJut 
about 1| to 2 lb. of ste^m tuav be condensed per aepan 
foot of surface per hour with au att^'med vacuum of 24 incte 

It is importAnit thd.t the pipes of these condensers aboakl 
be fr«« from blowTi or spongy partfi, for it does not appeal 
d-R^irable to paint lhem,and if not sound they would admit 
air too freely. 

It seems to the Author that the steatn should pn* f^rai^l} 
flow upwardft^ — counter-current fashion — inste^^udof a«sho^*Il. 
and that small water drains ahould be carried down from 
some of tJie end bends direct to the air pump. Still umUr 
ordinary conditions, with the steam entering at the upj.«^r 
end, a vacuum of 24 inches is guaranteed and even more » 
often secured. 

Such a condenser aa shown in Fig. 42, conaisting of eighJjf| 
corrugated pipes, is capable of dealing with 2,400 lb. 
steam per hour. The total cooling surface of the cond 
J8 2,400 square feet, and for its eiiicient working it is nee 
to provide 200 gallons — 2,000 lb. of water per hour 
replace the cooling water lost by evaporation, or four-fifths 
only of the weight of steam used by the engine. 




Counter Current Jet Condenser. 

Tlie Balcke condenser, in which the principle of counter 
current is adapted to a jet condenser is eho'wii in Fig. ■*■ 
Here the water is removed at a definite rate by the lew 
pump and air is removed by the upper pump from the topi 
of the condenser. By means of a float the volume of tbf 
injection is regulated by the water level which is kept uni- 
form. The water enters by way of a circular lip to the upper 
water channel and is well spread by perforated diaphragsif- 
Steam enters below the water spreader and air is drawn up 
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FiQ. 43. Balckb's Jkt Conbenseh. 

Feed water is drawn from the base of the condenser and 

jthe remainder drawn out by the wet '^ air ^' pump is, when 
fnecessary, forced by that over the cooling towers. 

Counter Current Surface Condenser. 

The principle of counter current condensation and an 
[ asBured turbulence of flow is secured in the condenser shown 
I in Fig. 44, which is that of the Concentric Condenser Co. 

In this Concentric Condenser of Bracket a series of alter- 

[nately plain and corrugated tubes are nested one inside the 

other and held between gun-metal heads, in which are a 

I number of concentric grooves turned to fit the tube ends. 

These heads are so cast that every other space communicates 

I with the steam chamber and the other alternate spaces with 

I the wat«r chamber in the heads. A special cement^ which 

' softens only the first time it is heated, i-enders the tube ends 

tight against leakage. Steam passes one way and water 
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movps through the a,lternate tubea in opposite directionfl. 
Xhtif?. each annular passage haa one plain and one oorrugated 
boundary and the escaping condensed steam is reduced to a 
fcemperatuTD as low as possible, while the water of circulation 
3ape3 as hot as possible. 
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Surface or Tubular Condenser. 



Afc Fig, 61 in the chapter on air pumps will he found 
illustrated the condenser of Pollitt and Wigzell, which is an 
ordinary tubular condenser through which the circulating 
"Water passes t^Tice, the second pass being where it should be 
j^arest the hotter or steam inlet position. 
H The special point is the entry of the steam parallel with 
out above the tubes and by a sloping inlet cover piece 
which extends the full length of the tubes and serves to dis- 
tribute the steam from end to end of these without short 
circuit danger to the final outlet. By this means every unit 
of tube surface is made useful and efficient. These con- 
densers have been much used in the Yorkshire woollen 
fa,etorie3, being placed behind the L.P. cylinder of tandem 
engines. The air pump is placed in the base of the con- 
densCT, and a nearly full length opening is left below the 
tube surface in order to prevent short circuit. The degree of 
vacuum secured is very good, and may he explained by the 
careful well considered points of the design. 

tXhe Atmospheric Valve. 
An important detail of a modern plant is the atmospberio 
automatic exhaust valve. This m a mushroom valve fitted 
with a balance lever and opening upwards. In case of 
failure of a condenser to act, the pressure of steamf which 
would rise to a dangerous degree and might burst a cast-iron 
condenser, casings raises the atmospheric valve and allows 
the steam to escape into the atmosphere. These valves, of 
which two illustrations are given, Fig. 45 of the valve made 
by Templer & Ranoe of Coventry, and Fig. 46 that made by 
Thomas Walker of Tewkesbury, should have an oil dashpot 
to restrain too rapid movement. The valve should have a 
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drain pipe from an inch or two above the level of ita lip 
order to seal this effectively against air leakage. Tb 




Fio. 45. Athosphbkic Valve. 
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Fia. 4(1. Aruo3]']iKiwo Valvs (T. Walker), 

a number of small engines when these exJiaiist to a conimon 
condenser. The utmoHpheric automatic valve may be re- 
placed simply by a hand or motor-worked shut valve which 
rovides merely an alternative route for the exhaust stfiam. 
In the valve of VV. H. Spencer & Co. of Hitchin, Figs, 
47, 4B, hammering is guarded against by the peculiar arrange- 
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EXAMPLES OF CONDENSERS 

the seat. The seating is made renewable. The balance 
eight is set to balance the valve and the spindle, The 
►ring is «9ied to regidate the valve, and is normally regii- 
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Fiu. 48. Section or ArJAoavmsRio Valve (W, U. Spencer), 



l«d fto that when the valve is under equal pressure on each 
de it is. raise<l by the spring nearly the height B. It thus 
)» promptly as soon as the vacuum is broken, but the 
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*9. DETAIL ot SmTrNO or AniospitEBia Valvb (\V. H. Spencer). 

tension is easily overcome when there is a partial 
icuum under 60 large a valve, whit-h ie then pulled down 



seat. 
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AIR PUMPS 
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T HF' Air Pump is essential to most condeosings 
The old type of air pump, as fitted to jet coEwii 
of Boulton and Watt and other engme builders, was a pflmp 
of the type of Fig, 50, but with flap foot-valve and fltf 
discharge- valve. With the condenser it was fully kt 
mersed In a deep tank. The bucket abo had a pair ai flip 
valves opening upwards hkc the wings ~ 

of an insect. Hence the name " but- 
terfly ** valve. All modem air pumps 
are merely a development of this 
original air pump. 

The air pump is only necessary to 
prevent the gradual accumulation of 
air from the feed water and from 
leakage, that would ultimately fill the 
condenBcr to boiler pressure. 

The action of a pump is as follows: — 

Assume that its capacity is one half 
that of the condenser. Then each 
stroke of the pump will take out half 
the vapour contents of the condenser, 
and therefore approximately half the 
air. ]t would remove exactly half the air wore it wrt 
that the reUef of pressure and abstraction of air will allot 
more vapour to rise from the water and this might get to ll» 
air pump instead of the mixed vapour. Thus apart frotf 
this the rarefication would proceed according to the sqiure 
of the number of strokes But each stroke of the pump 
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iwa out more water vapour and leas air, and as air lb 
always entering the condenser, the time arrives when the 
intake of the pump ia exactly equivalent to the inflow of the 

f', and this markfl the maximum po.ssih]e vacuum. 
A vacuum can never be better than that proper to the 
iter temperature, and will be less according to the laws 
mixed vapours, see Chapter XIX. 
Every cubic foot of air which enters the condenser ex- 
panda to from 5 to 25 cubic feet. The speed and capacity 
of the air pump have an effect on the capacity of the con- 
denser, for the air pump is intermittent in action and the 
Bondenser, if very small, would show a fluctuating pressure 
^Hth each stroke of the pump. Largo condensers and mul- 
tiple fast-running pumps thus show the steadiest vacuum 
gauge. An important point in air pump design ia to arrange 
that no air that gets above the bucket shall remain undis- 
charged that same stroke. As perfect a vacuum aa pos&ible 
is formed above the descending bucket, and the space is 
filled by mixed vapour from the condenser. The foot valve 
prevented the back flow of the enclosed volume of vapour 
under the bucket, but in some modem pumps there ia no 
foot va!ve» and obviously the space above the bucket is 
^ed by vapour rising from the water seal upon the bucket. 
Compare Fig. 50 with Fig. 51 to gain a cle-ar idea of the 
difierence. 

In the type of Fig. 51, or Edwards pump^ the condenser 
pressure is that of the vapour and of the air, and the air* 
pump pressure is that of the vapour only. If the mixed 
vapour pressure is two parts due to vapour and one part to 
air, only one-third of the pump barrel will be apparently 
available to take a further supply from the condenser, but, 
as will be seen later, this view must be modified by other 
reasoning- 

Continuous running of an air pump without the addition 
of further air or warmth to the condenser, would finally 
result in refrigeration of the condenser by evaporation. An 
air pump overrun tends to cauae refrigeration at the ex- 
aenae of wasted power. 
The theoretical power absorbed by an air pump in dift- 
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And W = 4 X 576-0 x 2*3 = 5,300 foot pounds or about one- 
sixtli of a horae-power minute. Power is also absorbed by 
the discharge of water, which must be pushed into the 
atmospheric preiisiire. The rest of the power altsorbed is 
iction. 

In the working of the common air pump with a through 
Ive in the bucket, thig evidently descends in a condition 
' equiUbriura on its two faces and absorbs no power beyond 
ictional effect. On the upstroke it is exposed to con- 
Enser pressure below it. Above it the space ia continually 
lore restricted. But practically the space above the 
icket does not vary its temperature, and that part of the 
ressure due to water vapour will remain constant, for the 
atriction of the space will simply send part of the water 
S^apour into solution in the water present with it. If there- 
fore the vacuum gauge shows 2^ lb. prea.sure, corresponding 
with a vacuum of 12-2 lb. normally, and the condenser 
temperature corresponds with a steam pressure of IJ lb., 
then the air is per se at a pressure of 1 lb., and the work done 
by the bucket will be that represented by the compression 
of air from 1 lb. pressure at the condenser temperature up 
to 14-7 lb. or one atmosphere. The net foot lb, per cubic 
foot of air at atmospheric air will be as stated abore = 

W = A( X hyp. log.-^. 

Tor the figures named ^ is about 115° + 461 = 676^ (see 
Table I.) p = 14-7 and P„ = 1. 
Per pound of air the formula becomes — 

W = fi3*15(xhyp. log. J. 

For pumps' of the Edwards type the conditions are a little 
different. The bucket descends against the constant pres- 
sure of the air in the condenser, for it is practically exposed 
on both sides to the pressure of the vapour of water. There 
is no serious compression of air below the bucket owing to 
the large relative capacity of the condenser. Otherwise the 
bucket does slightly raise the condenser pressure. 

On its ascent the bucket is exposed to exactly the same 
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conditions aH thoHe stated for the common type of puf- 
In other words we may consider only that PomponeBt d 
pressure difforencp of the mixed vapour dne to the airiol 
consider only that isothermal conditioni^ prevail^ heeamtd 
the effctit of the water present and the small intensitj of tk 
maximum ]iroK.sure Hralt with, namely one AtmoBfhan 
wliich (loci not involve great heat production in getMntng. 
It is thus ca#*y to see that the work of driving &a air pump 
may very well he chiefly made up of friction, and that when 
Air 18 present in Bniall volumes only, a friction-producioe 
bucket had bettor be run as slowly as may be poHtble. 
whercRH with a grooved ringless bucket there is no friction 
and a better speed may be nm with economy. 

Tho volume to be generated by an air pump bucket 
yhoiild riot be less than 0-75 cubic feet per pound of st<*ai 
dealt with by the condenser plant. Mr. R. W. Allen* baa 
made t^^^sta with as httle air-pump capacity as 0*5 cubic feet 
and lie givea 0*6 cubic foot as a minimum. 

With a temperature of discharge of circulating water 
96-5° F., ho obtained a vacuum of 2tt'9l inches by gauge. 
corresponding with 37-18 inches if corrected for 30-iiick 
barometer. The vacuum coneeponding with the tempera- 
ture of air- pump discharge — 1105^ F-, is 2T'l*. The vacumn 
efficiency is given as 99"25 per cent-, being the ratio of 
2G'9l to 27'18 inches. The air pump generated 0-496 cubic 
feet per pound of steam condensed^ but there was perlu^ 
special air-tightness in this case. 

Barometer, 

Tha variations of the barometer either by variable weather 
conditions or altitude have no serious effect on air-pximp 
work in this country, but at high altitudes {see Table in 
Chapter XXVI.) the pressure of tho air is serioualy less. 
Boiler pressure is great*?r, per gauge, with higher altitode 
because the air pressure is reduced. A boiler at 14*7 lb. 
absolute pressure always contains water at 212*^ JF., if no »ir 
be present in it. An air pump has therefore less to do wb 
pusliing its discharge into the atmosphere. 

1 Mintats of Froc. Itul. C.E., Session 1904-6, 
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There k less fco be gained from condenHmg at high alti- 
tudes than at low. The same size of condenser is required, 
ideod it must be larger, and the only credit item must come 
tlie faet tliat shghtly \e^& power ahould be absorbed in 
ivhig the air pump, and there should be le.ss air to deal 
%.'ith both from the injection in a jet condenser and from 
leakage tlirough glanda, etc., owiJig to the reduced afcmo- 
pheric pressure which tends to reduced air solution and to 
iuced leakage. 

These are small items, and generally it may be said that 
pondenaiiig provides less economy, but the question will 
ircely arise on which this need be considered, for even so 
bigh up aa the Rand, S.A., the atmosplieric pressure is still 
ver 12 lb. 

The Air Piimp Bucket. 

In the early air pumps the bucket consisted of a plain 
sting like a thick flanged pulley, the space between the 
tingea being liUed with biocka of spruce pine tightly driven 
dry and turned to fit the barrel. When wetted the 
t>ucket became a tight fib In the barrel^ and very soon it wore 
sy and worked quite as well and with much less friction. 
In other cases the wood was replaced by greased rope. 
Then about 1870 the metallic pump bucket with rings 
sprung in like a steam piston became more and more used. 
It is however a mistake to use rings in a wet aix pump. 
Dhey are a frequent cause of failure, breaking and overriding, 
etc. A bucket should be as long, or nearly so, as its dia- 
aeter, especially in small sizes, and never less than live inches 
[long. In ordinary water pumps theAuthor makes buckets 
fcbout four inches long, plus half the diameter. 

The bucket should be a plain cylinder fitting the barrel 
closely^ Its surface ahould he cut into grooves about | to 
Y'',5 wide by ^\^ to I deep, with apacea betwe-en of 4 to ^ . Thus 
:iade there will be no serious leakage nor wear, and no fric- 
tion. The packing of a pump bucket or the use of rings will 
Ijiot bear reasoning upon. Indeed it is absurd to suppose 
[that leakage can take place through the length of a bucket 
with its score or more of eddy-forming square-cut grooves. 
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General Forms of Air Pmnps^ 

There are two main types of pump in respect of thv 
action, yiz.^ bucket pumps and plungers or displsiceis. Ik 
bucket pump requires no further special descnption. Ib 
the displacement pump the bucket is merely a solid plon^. 
often more or less ogiTal ended, which enters upon and k- 
cedes from the apace volume of the barrel or end chambes 

Whereas pumpa work best perlwpa when vertical, th^ 
are often made horizontal, but even in certain homoDiii 
pumps the real siirface which expels air is the surface c^ 
water, in the end chambers of the pump, which is caus^^d W 
rise and fall by the displacement of the horizon Ully-moviM 
plunger. Pumps are made single or double acting, and m 
certain forms of horizontal pumps it becomes necessary t« 
take into consideration certain effects of gravity in det*^ 
mining the movement of the water so a^i to avoid shock. 

The varioxis points can perhaps best be brought fonnud 
in the explanation of the several pumps employed as illos- 
trative examples. 
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TYPES OF AIR PUMPS 

The Edwards Air Pump. 

IN this pump (Figs. 61, 52) the speed is high and the 
water is compelled to enter the pump by the sudden 
blow of the conicaily -pointed bucket striking the water 
collected in the lower chamber and impelling it round tlie 
curved passages which direct it through the ports just 
Opened by the de- 
rent of the bucket 
St them, as seen 
Fig. 52. The 
lescent of the 
p>ucket in a space 
vacant of air pro- 
iuces, as explained 
'^previously , a vac- 
aam above the 
bucket as perfect as 
I the water tempera- 
Iture will allow. 
iThere is no air 
effect, and when the 
ports are open the 
[mLxed air and gas 
lln the condenser 
[rush in to fill the 

[vacancy. The volume of the barrel above the bucket ia 
jthus available to the extent of the absence of air which is 
Ipresent in the condenser, and it must not be imagined that 
[the full volume of the bucket stroke is abstracted at each 
' stroke. 
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When applied to jet condensers the speed is mare modvnie, 
as shown by the annexed t&ble, which sho^Ts the effect d\ 
the larger volume of water introduced with the jet .v com- 
pared with that in the diijcharge from a surface coDd«wer- 
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This pump is vers' cotamonly made with three harrek 
Sucli a pump with three 14-inch diameter barrels and a 
stroke of 12 inches is rated for 45,000 lb, of steam per hour 
from a surface condenser if run at a speed of 150 r.p.nJ- 
This rating pointa to a capacity of 0-66 of a cubic foot p€f 
pound of feed water, calculated of course on one working 
stroke of each barrel per revolution. 

A convenient way of driving these pumps is by an electric 
motor through gearing which may include a raw hide pioion, 
and in any case should be broad, of fairly fine pitch, and 
with teeth not above half the pitch in length. 

In Fig, C3 is seen a combined air and circulating puicp 
with electric drive> as arranged by the Mirrlees Watson Co, 
and in Fig. 54 a double-barrel Edwards air pump with cir- 
culating pump and surface condenser complete by Isaac 
Storey & Sons, Ltd. 

It should be added that when the bucket luioovGis ihn 
ports to the condenser and mixed vapour rusltcs into the 
pump barrel to equalize pressure therein with that in iht 
condenser, the iiuoiah will continue until either the port is 
again closed or the vapour mixture in, the barrel beoomes 
identical with that in the condenser, for since the air pump 
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contains only water vapour thia must have a pressure j 
to the temperature. But when it is exposed to the higfaa 
pressure of the condeni^er it is compressed into smaiter space* 
acd it is not poasible for more water vapour to exist in socfa 
smaller space, Tbe law of molecular equilibrium forbid? 
this. Therefore the pure unmixed water vapour mu&t »1I 
condense to water, and the pump barrci must become full 

oi the same ratio of mixed 
vapour a« exists in the con- 
denser. The Edwatdfl and 
similar classee of pumpg 
therefore, work at full elSci-| 
ency if there m time to allowJ 

n' PnT '^^ ^^^ while the porta am 

I rL j uncovered by the bucket. Il 

^ is all & question of rapidity of 

condensation of water vapour 
exposed to a pressure inconsis' 
tent with the law of molecuUr 
equilibrium, see Chapter XIX. 
The Brake Horse Power 
required to drive these pumpt 
may be taken as 1 h.p. for 
every 5,000 gallons per hoi^ 
raised 20 feet, or 10,000 gaUons 
raised 10 f^t and so on. Pipe 
friction must be added extra. 
The vertical air pump of 
Davey Paxman & Co. is shown 
in Fig. 55. It is double acting 
and draws ita supply through 
a port which is uncovered by the bucket at each stroke. On 
the upstroke of the bucket, discharge takes place tl 
the top discharge valves. On the down stroke, diseha^S' 
takes place into the bucket and thence through the central 
guide plunger, which is water sealed as shown plainly in the 
figure. This ia a high-speed pump and can be run direct 
off a high-speed engine, the 14-inch dia. x 7-inch stroke 
three-crank pump being run at 250 revs, per minute. 

204 




Fio. 55. Vektical Aib Pump 
{Davey Puxman & Co.) 




TYPES OF AIR PUMPS 



ither over half the duty is done by the upper side of the 
cket, and being double acting the bucket diameter need 
t be above about seven-tenths that of a single-acting 
mp. 

TABLE XVI. 
:ks of Centrifuoai. Pumps suitable for Ejector Condensers. 



Diameter 

of Suction 

and 

Discharge 


Revolutions 
per minute 

for lifts 
of 30 feet. 


Water 

discharged 

per 

minute. 


Suitable 

for 

Ledward's 

Condenser 


pipes in inches. 






No. 


2 


1650 


68 galls. 


3to4 


3 


1372 


160 „ 


6to6 


4 


1372 


250 „ 


6to7 


5 


1000 


420 „ 


8 to 10 


6 


1000 


620 „ 


12 


7 


769 


850 „ 


12 to 14 


8 


796 


1100 „ 


14 to 16 


10 


686 


1900 „ 


18 


12 


686 


2500 „ 


20 


TABLE XVII. 


Capacity of Ejectors. 


No. 

corresponding 

to 

diameter of 

Exhaust Pipe 

in inches. 


Capacity 

Steam 


Condensing 
Water 


Condensed 

per hour. 

Lb. 


required per 

hour. 

Gallons. 


u 


200 


550 


H 


400 


1100 


3 


800 


2200 


4 


1500 


4000 


5 


2000 


5500 


6 


3000 


8250 


7 


4000 


11000 


8 


6000 


16500 


10 


8000 


22000 


12 


12000 


33000 


14 


20000 


56000 


16 


28000 


77000 


18 


36000 


99000 


20 


48000 


132000 


22 


56000 


165000 


24 


66000 


198000 
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The Ejector Axr Pim^* 



ThlSf already referred to as the Ejector naiiliii (1% 
37), acta hy the coDversion of the molecslar ^■■"**' taap 
in Uie exhauat steam into Idoetic mas^ «ks^ of valtf. 
^M Jet of water flown into the Tamozn fanBed fn t^ «■- 
bining head (Fig. 66) uid carries with it the air pfcwstnli 
tile ateam. It u considered best to allow water lo 
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Fta. 50. EjEcrfoB CoNOKNsi.ii uiiii i'ljiu" (LedM-ord.) 



from an elevation of 15 to 20 feet or to connect a centrifugal 
pump directly to the ejector so as to have a closed cycle from 
the water supply to the ejector discharge. 

The direct connexion of a pump is shown in Pig. 56, and 
such pumps may be motor driven. Ordinary centrifugal 
pumps will perform as per the annexed Table XVI., and the 
general dimensions of ejectors are given in the Table XVZI., 
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pgether with their capacity in Bteam condensed calculated 
m the assumption of a water supply at 60"* F. For warmer 
rater the ejector requires to be correspondingly^ larger. 
S^hen fijced horizontally, as they may be. the ateam should 
mter from above, and the water supply should have a 
locity equivalent to a head of 20 to 30 feet. 



g|l ^ ^ fJL 




The Displacement Pump of Hick Hargreaves Co. 
In this pump {Fig. 57 ) a round-ended solid plunger works 
a barrel so connect-ed to a valve chamber that the plunger 
double acting. The inlets are by the inclined laterally 
jlaced valves which open inwards and downwards, and the 
outlet valves are at the top of the central and annular outlet 
chambers. It will be noted 
that this pump is always full 
of water and air; and that aa 
the air enters it rises at once 
to the top of the outlet cham- 
bers under the valves anid is 
the first to be expelled. The 
outlet valvea are always 
drowned and therefore -air- 
flealed. This type of pump 
was applied to the 3^000 h.-p. 
engines of Messrs. Sassoon of 
Bombay, together with a cir- 
culating pump of .similar type. 
The diagrams 1 to 4 (Fig. 58) 
show the general form of in- 
dicator diagrams from good 
air pumps, the compression 
being indicated by the up- 
ward curve, the expulsion to 

_ the atmosphere by the short 

P horizontal line at the top of 
the diagrams, and the return 
stroke by the lower curve. 
The diagrams teach by the 
length of the level portion fm 57. DiflPLAOsijEyxAnt Pukp. 
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that the pump is deliverinj^ during about ^ ^ ^f\ ^^ i^ 

travel. No. 1 top taking in 
less air evidently than the 
bottom side. 

The Hodzontal Air Pump. 

When horizontal air pumjw 
were first employed they often 
gave poor result&v This wfta 
explfiined by Mr. Longridg« 
in his report of LB6S^ as due 
to bad design. Thus in pumps 
of the type of Fig. 59 he states 
that the velocity of the water 
in the barrel must not exceed 
that due to the head measured 
from the bucket centre to the 
water surface in the end cham- 
bers. Proper deaign therpf<m' 
includes a question of heiglii 
of end chamber. 

TliesB pumps have been 
much employed tandem with 
the steam cylinders, and 
therefore with a bucket velo- 
city of 600 to 700 feet per 
minute as a mean and there- 
fore a maximum speed, 1-6J 
timeg this, or say 950 feet 
minute in a given case. WitH 
sfjuare-ended barrel the vtoia 
contracta effect adds 50 
cent, to the water velocif" 
neeesaary to follow the buckei 
solidly. Let this velocity 
put down roundly at 25 fi 
]>iT second. Then since V = 

' See Annuai Report 18ig, Enginr, Boiitr and Bmv^*''*' 
v4«rooiaiion, Lid. 
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TYPES OF Am PUMPS 

-/H and V= 25 feet we have J H=fully 3 feet and H = 

feet. If this height cannot be allowed, then the velocity 

ttUflt be leaa. It can be kept down to that of the bucket by 

Bkring out the barrel ends to the correct conoidal form so 

It V shall only be 16 to 18 feet per second, and then H 

Domes 4 to 5i feet, but height and correct entra.nce are 

eeded to keep the water solidly against the bucket face, 

id the movement of the water thus to and fro so rapidly 

ae^ns considerable stress on parts. Obviously the water 

rfaces in the end chambers simply move up and down and 

the real acting faces of the bucket in expelling air and 

rawing it in from the condenser. 



iooo 
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Fig, 59. Hpb120ntai, ASt PuMP. 
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Generally the pump as shown in Fig. 59 is useful for lower 
speeds and for driving by direet.acting steam cylinders. It 
then forma a good combination, and the bucket, being 
always drowned, is airtight. 



Tail Rod Pump. 



The high-speed tail-rod pump by Pollitt & Wigzell (Fig. 
60) is of different design from the foregoing and consists of 
an air-pump barrel standing out horizontally in the base of 
a jet condenser. The bucket is soHd and uncovers a series 
ring porta, on its outward course, through which enter 
' and air to be expelled through the end delivery valves. 
le water about the pump is always maintained as a mini- 
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mum quantity. Though made for long-stroke engiocs tii 
arrangement is silent, and it is run at upwards of SSOIm 
per minute and to as many as 150 revolutions. Wbi 
attached to a surface condenser the arrangement is thw d 
Fig. 61, with often a circulating pump in combinatwt 
Here the circulating pump must not be called on to li/l 
supply too far. Say that the minimum speed of the bui 
is V= 820 feet per second in a particular case. Then 

equivalent head 
Q be 6i feet or V 

=8 v'H. U the 
pump ordinarily 
would lift its watu 
23^ feet at sbw 
speed, it should DOt 
be required to Bl* 
more than 23 J -6i = 
17 feet, or to tilo* 
ample effect, say I* 
feet. 

Owing ioili« 
bucket velocity tbf 
water pushed htdcn 
it distributefl evnik 
over the bucket fact, 
and in the air pomp 
this ensures that ibt 
air ehall first be a- 
pelled through tk 
delivery valves, ff 
run at a slow spetd, 
the water would coi- 
Icct on the lower part of the barrel and much air wtmM 
remain behind to vitiate the vacuum on the return stn^bt. 
Probably this explains the failure of slow-ruiming horiie 
air pumps not supplied with end-water cbambcra of a hei^ 
sufficient to drown the bucket. It will be not«d that ^ 
circulating pump in Fig. 61 i& double acting, and draws is 
water from a surrounding casing. 
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Combined Direct-driyen Air Pumps. 

In Fig. 63 is shown the Worthington Co.'s direct driven 
lir and circulating pump with tubular surface condenser. 
?'or an area of 1,075 square feet of surface steam cylinders 
>f 6 and 10 inches compound tandem type are arranged on 
he same rod as lOJ-inch air pumpa and 10j;-inch circulating 
lumps. The stroke of all is 10 inches, and the duplex 
urangement is adopted, making two complete aets aide by 
(ide of the above details. The Author's experience of such 




FjO. liy. CoMDlNEU AlB AND CiIW.'ULAfnira PUliU'B. 

pumps with flat indiarubber valves is that frequently the 
valves cockle up and tlie pumps fall off in efficiency or refuse 
work entirely. Dermatine valves stand much better than 
rubber. These pumps are always fixed below the condenser, 
which is of the usual two-pass type as regards water. The 
tubes of the Worthington condenser are flanged and held in 
one tube plate by a packing ring and screwed ferrule. At 
the other end they are packed and fitted with a screwed 



C&mpotind Air Pumps. 

The ratio of the atmospheric pressure to the pressiire in a 
good condenser ia very high. The action of an air pump 
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drawing from a cold condenser is equivalent to that of an 
air compressor compressing to a very high degree. 

Thus if atmospheric pressure is 14'7, and a vacuum of 
28 inches is secxired, the absolute pressure of vhich is 0-944 
lb., this represents the maximum possible vacuum for n 
temperature of 100^ F. 

Then 14-7 -0-944 = 13-576 lb. In tliis case there could 
be no air present. But suppose with a temperature of 
100° F. that the vai;uum was only 27i inches or 1-189 lb., 
then M89-0-944 = 0-245 lb, unaccounted for, or rather 
accounted for by air pressure, Then 14-74-0-245=60, and 
the air pump in such a case will be called on to comprese t 
air sixty times in delivering it to the atmosphere. 

Ostensibly because of the theory that air forms a blank 
about the tubes of a condenser, the supplementary condenser 
of Parsons is employed for the Parsons turbine. Actually j 
this augmentor ia a form of compound air pump — the addi- 
tion of a second stage such as would be naturally apphed 
were an air compressor required to compress to sixty atmo- I 
Rpheres, Let it be supposed that by means of the augmentor I 
the air i^ gathered from the condenser and condensed froii^j 
0'245 lb. to as much as 2*45 lb. — the Author has no figur^H 
showing the effect of the augmentor — then the ordinar^^ 
air pump, iiLstead of compressing sLsty times will be called 
on to compress only six times. Fig. 64 shows an arrange- I 
ment of this two-stage air pump. It will be observed that 
the condenser is slightly inclined, and the water-outlet pipe 
is cranked below the indraught power of the regular air 
pump, thus forming on air trap. On the left a steam ejec 
draws air and vapour out of the condenser and forces th 
through the small augmentor condenser, which is full 
water tubes, and forward to the intake of the air pump, 
which in thus enabled to pick up at each stroke as many 
times the quantity of air as is represented by the ratio of 
compression performed by the ejector. The steam coi 
sumption of this steam jet is said to be l^ per cent, of t 
total steam used at full load by the engme. The water 
vapour present in the augmentor space i"* only that proper 
to the temperature. The increase of pressure due to 
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augmentor jet simply causes the water vapoiix to condense 
imiil onJy so much is present as satisfies the moleciilar 
pqmlibrium. 

It Ia said that the effect is to increase the pressure at the 
|ir pimip to about 26 inches, when the condeoser vacuum 

27 J to 28 inches, that is, the effect of the jet is to produce 
J. difference of 1^ to 2 inches or 0-736 to 0-982 lb. 

If this effect were produced with reciprocating engines 
Snving a. mean pressure referred to thel.-p. cylinder of even 
&A low OS 30 lb., the advantage gained would be less than 
3 per cent, groea and only IJ per cent. nett. The circulating 

at<^r used in turbine work is usually large, about fifty-fold 
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Fto. 54. Two-8taok Aib Fvmp wiia Jet Auomkntdb* 

the full load Bteam consumption in place of an ordinary 
p-fold. An average of 0-4 per cent, of the total steam 
Dsed up in the circulation of so much water, and the 
vacuum is improved, says Mr. Parsons, | to 1 inchj which 
■ ■■^enls 4 to 5 per cent, gain of power in the turbine. 
i^;- auxiliary condenser has a surface one-twentieth that of 
^the main oondenser. If from these figures ' the air pres- 
suru be a£isunied increased even four times by the steam 
ttugm<rntor, the actual air pump is rendered so many times 
more ofHcient, but the paper gives no temperatures from 
which any reliable data can be abstracted on this item* 

> Journal Itvit. C.E., vol. xxiii. pt, 4. 
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Without a knowledge of condenaer ta 

imfKHwible to judge the dBaeocy of opBmtiam or^l 

amount of air present. 

A form of compound air pump is that ^rxmaged wA\ 
barometric condenifer at the Manhatfn P pwci 
New York. OriginaUj fitted with ordmafy 
jiumps tbe&e proved unsatiafactoty. In piftoe of 
pumpu a rotatory dry air pump was *»***» i e*"< to take ' 
fiir from the head of the barometric ooadfower. m • 
\mng made to carry off the air in the water "tJ™™" , ] 
Humc is thus carried off. But the dry rrHathig air ] 
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compre^H^ the air somewhat and delivers into the t>an> 
mt'trio discharge pipe in small bubbles, which are canjrf 
away to the dencending column of water. 

ITie air pump is simply a modified Beales gns exbaiistA. 
and fronaiHtii of a cylindrical casing containing a smallrt 
rotating cylinder fitted with four sliding blades pressed ml- 
wards by springs against the inner surface of the casing, « 
hIiuU'Ii in Pig. (55. Thus, instead of the air-piunp dift^niQ 
being Uke the full diagram A in Fig. Gij. it becomes trunraU^ 
to the form B, The difference of pressure against whici 
the rotating exhauster works is thus reduced to one'tliinictf 
what would be necessary if discharging to atmosphw 
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TYPES 

fHenee the possibility of using this gaa exhauster otherwise 
fnot suitable for air-pump work. 

Position of Condenser^ and Air Pumps. 

Given absolute airtightness there appears no reason why 
I the condensing plant should not, if necesaary, be placed a 
coneiderabie distance from the engine if circumstances call 
for tliis. The exhaust pipe should be larger when long. 
' But w^here reasonably practicable the condenser should be 
close to the engine, and so siiould the air pump, if only to 
reduce the area of parts containing pressures below the 
atmosphere. A long exhaust pipe, especially in the open 




air, will act as a condenser and relieve the work on the con- 
denser proper. In all probabihty the poor vacua which 
attend long exhaust pipes arise from air leakages through 
badly jointed pipes and bad casting, especially about the 
chaplet marks of horizontally cast pipes. All good pipes 
should be vertically cast and should be dipped hot into tar 
and pitch mixture and kept well painted. 

Given large and tight exhaust pipes, there seems no reason 
why steam should not be carried far to a condenser in pre- 
ference to pumping a large weight of water uphill to an 
engine, as ia done at the Newcastle-on-Tyne Manors Power 
Station. 
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CHAPTER XXni 
CIRCULATrXG Pl^fPS 

SOME of these wilJ be found illustrated with sir panqt 
and condensers, as in Figs. 36, 39, 53, 54, etc. Gener- 
ally apeaking, if not driven by the main engine, the oeDfed- 
fugal pump is the best and cheapest form of pump for lifting 
or forcing a large body of water at a low pressure throti^ a 
condenser. This pump is most conveniently driven bv in 
electric motor, which like the pump requires to run at a hi^ 
rate of rotation. They are email in bulk for their output. 
CVntrifugal pumps are rated for size by the diameter of their 
inlet and discharge pipes, and their output ratio varies about 
with the square of this diameter. Thus while a 5-incbpump 
should diHcbarge about 30,000 gallons per hour under certain 
conditions, a T-inch under similar conditions will diacharge 
nearly 50,000 gallons, A rule for output is thus F = 3D* 
where D is the diameter in inches and F — cubic feet pr 
minute. The diameter of the rotating fan or runner is 
about 3D. 

With a foot valve and a temperature about 52^ F. the 
Author has run a 6-inch centrifugal pump and discha^ed 
'20,000 gallons per hour with a suction lift of over 30 feet 
below the pump. The water supply was an artesian well, 
and the probabihty is that there was little free gaa in the 
water \ix\ti the vacuum proper to a temperature of 52" F. is 
over iiOJ ijichea of mercury, or less than half a foot of water 
head. This shows the effect of air in vitiating a vacuum 
and the advantage of its absence in aecuring maximum 
pump efScioncies. 

Any kind of water pump may be employed for circulating 
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{purposes. That of Hick Hargreavea, fthown in Fig. 67, 
^KBembles their air pump and consists of an ogiral double- 
3ieaded plunger moving to and fro in a sleeve between two 
"^water chambers. It will be observed that such a pump may 
ifl|e placed horizontally or vertically. The illustration is 
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FlO, 08. Displacement CiHCULAT 
iNo Pump (The Pulsometer Co-)- 



im a vertical pump, and the sloping upper boundary of the 
"discharge chambers should be noted whereby the last 
particle of air can escape through the discharge valves, and 
any air trap is avoided. 

The Pulsometer Co. make the vertical displacement cir- 
jculating pump Fig. 68, the points to be noted being the 
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pointed ends of the plunger and the sloping upper botiwl- 
aries of the two chaiuber^, so made to facilitate free eeatpt 
of air to the discharge valves. 

Coefticlent of Contraction. 

Experience has proved that the amount of water flowo^ 
out of an orifice under a given head is not to be found simpfy 
by multiplying the velocity due to the head by the area. 

A deduction has to be made from this theoretical doty 
owing to the peculiar contraction of area of a jet. A cor* 
recti ve coefficient is required to allow for this " vena con- 
tracta" 

This coefficient varies with the head and with the form 
of the orifice, Navier gives the co-efficient =C =0-636 for 
orifices in thin plates and 0'6'2 for circular orifiees of which 
the diameter lies between 0*02 m. and 0-16 m., ot sbj 
J to 6^ inches where the head does not exceed 6-80 m. 
or about 22 feet 4 inches. C = 0*62 for a rectangular orifice 
of which the minimum length is between 0*2 and 0-16 m. 
and the breadth is more than twenty times less. For a v«t 
short conical orifice if 2^ is the angle of the cone, C is given 
by Cartel as follows. 
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Navier gives C=100 for 2ijy=20° 
2^ = 50". 



and C = 0*93 for 
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THE object of heating the feed water of a Bteam hoiler 
is five-fold. Firat, it effects a eaving of heat that 
pould otherH'iae go to waate in exhaust steam or exhauBt 
aes ; Becondly, it enables a given boiler to prodoce more 
'steam, and may thus obviate the necessity of adding to 
plant ; thirdly, it saves a boiler from certain stresses and 
certain forms of corrosion to feed in the water hot ; fourthly, 
the heating of feed water assists it to deposit some of its 
salts prior to entering the boiler, and if a temperature of 
boiling is reached, the CO3 gas which holds lime carbonate 
in suspension is driven off and temporary hardness Is 
removed thereby. And finally^ there is reason to believe 
that the heat transference from a fire to water on the other 
Bide of a fire-heated plate is facilitated when fully hot water 
alone is allowed to enter a boiler. On this point there are 
strong differences of opinion, and noftnal testdetarminationa. 
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Fire-Heated or Flue-Feed Heaters. 



Practically, the fire-heated flue-feed heater is confined 
to that typo which makes use of heat in the waste gaaea 
of a furnace, and this type has become practically reduced 
to a single form, which has become known aa the Green's 
Economizer. This apparatus consists of a number of cast- 
iron pipes 9 feet long and ^^\^ inches external diameter, 
with their ends turned true and pressed into ca^t-iron end 
or header boxes bored out to receive them. These headers 
vary in length from that suflBeient to hold -i pipes up to 
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as many as 12, the sections thus built up always eitemi 
across the flue, which is usually enlarged so that < 




Flo. 60. Citoes Bbction of Economieek. 



Carea between the tubes shall be the equivalent of th{ 
aection of tlie flue leading to the economizer. 
Theee flections are built in the widened flue in mi 
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ur. Thus, the smallest economizer of 6 pipes (Fig. fif) 

^dth must contain a total of 24, 48, 72. or 96 pipos and 

>», the reason for this being that scrapers are made to 

"« up and down the pipes, and each two rows of scrapers 

Carrie*] by a chaiiii over a wheel, and on the other end 

e chain are the scrapers of two other rows of pipe. 

&re tlie width of an economizer is considerable, there 

two lines of suspeasion wheels. These wheels carry 
a worm wheel and they are all driven by worms on 
iy shaft, which is automatioally reversed in rotation by 
tiutomatic tumbler clutch connected to the driver of a 
.l>le pair of bevel wheels. In this way the scrapers 
stantly travel up and down the length of the pipes 
. remove esoot and dunt^ which falls into the chamber 
>w the lower boxea. Ortlinarily the pipes are set 7J 

es apart, C to C, along the headei-s, and the headers 

8 inches centre to centre along the flues. 
*- very uaual allowance of economizer is 3 square feet 
paipe area for each square foot of grate surface. This 
'Xit doubles the heating surface of the Lancashire boiler, 
t represents from 960 to 1,200 square feet per boiler of 
noini^er surface, or 96 to 120 pipea, accordhig to the size 
'■''he boiler. In cotton factories it ia very usual to allow 
ipea for each ton of coal burned per week. 
V.]| the hcadero, t^p and bottom, are connected to a 
Itiple flanged pipe, tJirough which water is fed in or 
^n off. On these inlet and outlet pipes are pockets to 
i3 thermometers and blow-out and safety valves respect- 
tjr. The scraper gear is driven by a small engine, by 
»*lt from some adjacent shaft, or by an electric motor. 
s top boxes have a capped opening opposite each tube, 
'Ml caps and centre bolts and cross bars. 
ficonomizera are put in the full run of the main flue, 
& there is a by-pass flue to pass the gas in case of repair 
[cleaning of the economizer. When more than twelve 
pons are joined together, the connecting pipes are fitted 
-h spring bends projecting horizontally to allow of 
Eerential expansion of parts. In large economizers there 
Ly be two divisions in series, one after another^ the water 
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first entering that division nearer to t!ie t-liiiuuey. -^* 
water enters an economizer equally freel^'' at eacb section 
box, tlie pipes most highly he-ated will have the beat dicn- 
lation and do most work. All the pipes are in paxAllc^. *) 
that the average water movement is very »tow. and tlw 
resialance to flow is practically nil, and the placing of ooc 




FlO. 70. GStEEN'a EC!0!fOMI£EH, BHOWTHC PABTIAI, HeTITBH TO 

apparatus in series with another adds very little more to 
the resistance. 

Economizers must not be fed with water at less Umb 
90'^ to 100" F., flince thia will cause some of the moistut* 
to condense on tlie lower boxes and lower sixth or thi-n^ 
abouts of the pipe length. To avoid this effect, which wiD 
speedily destroy an eoononiizer, a part of the djs< 1 
hot water is returned by a i^mall pipe to the feed , 
Buction, and serves to heat the feed to lOO^ F. and 




Iio. 71. Obeen's EcosoiazEB, shdwisg Initial WAftMuro Skctjon. 

Mica-^hire boilers. Messrs. Green also employ the method 
Fig. 71, whioh shows a general plan and elevation of the 
lipes and aide or fioot doors for inspecting purpoaes. The 
four gectiona of pipe.*? next the chimney are independent of 
the remainder, jieing fed with water in their top boxes. 
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The course of the water is downwards, and from the bott-rna 
boxes it passes to the other pipes in the usual way. 
Even if fed with cold water only the four first sectiom 
I would suffci' any corrosion, and in tliis way the whole of 
a few pipes may be rusted away instead of a sixth part ol 
all the pipes, which would be as surely useless as If whotty 
corroded. Only four pipes would be renewed where pff- 
haps twenty-four would otherwise require renewal. Ic is, 
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Fio. 72. EooNOMizEB wrra Ikternai. ScnxpERfi. 

h<>w(ner, a simjile matter with cold feed to adopt Uw 
mcthtnl of Fig. 70, and return some of the hot water I'' 
the feed pump. 

Thus B is the pump drawing itg supply by the pipt* 5 
and delivering an shown by the arrows to the ecouomiwT- 
whence the heated water travels by the jnpe C tw tk 
boilers. A small pipe A abstracts a portion of the wattf 
from C and redelivers it to the pump section D» by whidi 
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leam the whole of the feed water is delivered to the 
conomizer at a temperature above 00° or 100*" F., the 
lount of returned water being arranged tu give thia 
iperature. 

If hard water is used the pipes of an economizer will 
radually clioke wltli wcale. They are then bored out by 
special portable set of multiple boring bars. 
In Roberts' economizer (Fig. 72) each tube has an internal 
evolving acraper m conHtant rotation to remove scale as 
KpidJy as it is formed. This is shown in Fig. 72. The 
rapera are driven by worm wheels with shafts in each 
top header entering tlu-ough wtufRng boxea. A standai-d 
economisier iiaa 10 square feet of surface per pipe, weighs 
280 lb. per pipe, and holds Gf gallons per pipe. Experi- 
ment has shown that there is no difference in the efficiency 
of an economiaer whether it be arranged for the pipes to 
be all in series with each other or all in parallel, but when 
in series the resistance tp flow may be mucli increased. 
TTlie foUowhig table (XVIII.) shows the approximate saving 
ciue to each degree of temperature inereaiie at different 
temperatures, the differences down the columns arising 
from the difference of apecihc heat of water, which is greater 
^t the higher temperatures, and a degree of temperature 
li^presents more heat per lb. of water. 

Ir the annexed table (XVIIl.) the percentage of saving 
<lue to feed heating is shown for a steam pressure of tiO lb. 
In general the gases are not to be cooled below 350'' F., 
for the sake of the chimney draught, but there is no limit 
"to the cooling that may be allowed for fan draughts. The 
economy of feed heating is measured by the ratio of the 
heat added to the feed-water, and the total heat in the steam 
above initial feed water temperature. 

^Tbus the total heat in a pound of steam will he about 
,100 B.Th.U., and if U0= F. of temperature is added to 
the feed, this is very nearly e^jual to 140 B.Th.U. Then 
1,100—140 96 
— TlTto — ~TT7>~ ^'®'^> showing an economy of 100 - 87"3 

= 12'7 per cent. The following table (XIX.) is calculated 
on tliis basia for a pressure of 60 lb, 
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INITIAL TEMPERATURE OF WATER. 
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5 table (XX.) sliowa figures obtained by i 
ipf observers of the performances of 



TABLE XX. 





1 


' 


Sa. u[ Pipes 






■ 


Total NoiBia 


pep Boilee. 










u(Pl». 


■;. 


Inlet. 

600 


Ootltit. 


Fall, i lulei. Onttet. 


KlH, 




1 32 


4B0 


1 


240 


144 


84 


1 80 


560 


2U0 




' Sl!i 


117 


3^ 


' 72 


eso 


J>20 


■ 


' S17 


1^ 


144 


7B 


640 


460 


1 


' 225 


las 


m 


03 


fi70 


38S 




1 170 


i 6S 


^li 


72 


560 


3ao 


t 


1 204 


ISO 


It 


Average of a large 


of 


-onoinizers* including Om 


above : — 






5G7 381 


1 "' 


202 : 109 1 



The maximum recorded rise of feed temperature notd 
ill one yearns inspections of economizers by the ManchesW 
Steam Users' Association, was IST'^F., but higher figures arc 
no doubt often obtained where boilers are more severely 
worked . 

Mr. M. Longridge has shown that the weight of f«d 
water per hour multiplied by the temperature rise and 
divided by the aquare feet of economizer area, gave aa 
averiigo rate of heat transmission of 87ti to 1,095 B.Th.U. 
per squaj-e foot per hour, whence he deduced that xvitli an 
economizer surface equal to the boiler heating surface an 
average heat transmission of 1,000 to 1,300 B.Th.U. per 
hour per square foot may be looked for when f to 1 lb. (^ 
coal per hour is buxned per square foot of boiler heating 
surface. 

The following table {XXI.) shows the general dimensioiis 
of the chamber space of economizers 6 to 10 pipes in width 
and up to 48 sections in length. The chamber below the 
bottom boxes should be 30 to 36 inches deep for soot aod 
dust accumulation. One side of the economizer chamber 
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m.A made with a p£tssa.gG for the inspector. This paHsagd 

snust be closed at each end by deflectors or dampers, to 

^prevent short circuit of the draught. No scrapers are 

needed if combustion is perfect, but ordinary furnaces 

5>roduce much smoke, and soot rapidly settles on the pipes, 

And these sometimes become covered with a tenacious 

sticky tarry deposit. This* can only be removed by burning 

off. To do this the economizer la run dry and the hot 

^ases are passed through for fiovpral hours. This operation 

requires veiy careful caiTving out, or the economizer may 

be overheated or injured. As with boilers, the dampers 

of an economizer are beat of swivel type, thus preventing 

"the large air leakage througli the i^lot of slide dampers. 



I 

For 



TABLE XXI. 



4 pipfis 
8 



Width of Chamber. 
. , 3 fk i in. 
. - 4 ,. H ,. 
. . „ ., 



_ If with side DeflectorH, 

ndd M inches. 



10 



jRn qI fltntlons or Raws 


8 


.12 


IQ 


20 


24 


Length of Economizer . 


ft, ill. 
4 10 


It, in. 
7 3 


ft. in. 
9 8 


ft. in. 
12 1 


ft. in. 
14 


No. of Sections or Rowa 


28 


A2 


36 


40 


48 


Length of Eoonomizer . 


10 u 


ttn in. 
19 4 


It. in. 
21 


h. in. 
21 2 


ft. bi. 

2e 



W The presence of hard water in an economizer prevents 
the use of pipes other than straight in length or circular m 
section. No other pipes are rationally practicable. The 
rate of flow of water t!u-ough the pipes only averages in 
usual conditions i inch per minute. When driven by 
electric motor, this should be enclosed. It is best to drive 
through a steel worm and phosphor bronze wheel in an 
oil bath. The speed of the shaft supplied with the econo- 
mizer is intended to be 55 per minute. 
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The Pure Water Economizer. 

In order to Burmount the scale difficulty, it has been 
propcNsed to supply pure soft water to a closed cycle 










economizer, the water being kept in movement by a pump 
and passed througli a counter- current cooler, which is a 
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A 



^eatar to the real feed. Thus water-heated, the feed 

iter will deposit its lime salts in a soft condition, and 

economizer will always be free from scale and at full 

pieney. 

Fully Heated Feed Water. 

Within recent years the advantages of fully heated feed 
— have heen better recognized, and in connexion with the 

I Cruse system 
:>£ superheat 1 fi 

Icontrol a aya- 

item of feed 
Lea t i ng to 

Iboiler tem- 

rature has 

en evolved. 

In the 

|G r u s e flue- 

[fired super- 

[ heaters, for 

[example, the 
feed water to- 

[ get her with 

' water from 
the boiler it- 

I fielf is circu- 
lated through 
a copper tube, 
which is car- 
ried in series 
through the 

[ tubea of the 

superheater 

placed behind 

Lancashire 

boiler. 



m 



u 



■'>A 



m 



1 eater 




i 
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%9i^ fired order (Figs. 73. 74, 75) tlM tamt Uni^M 
trolling pipe of hot wstcr ia employed, bat Ifct 
iiol come in thifl case from the boiler, bat froa lb 
of a feed heater which is placed between the 
the superheater tubes to temper the exoesBhre iMtf 




PRMJI KLlVATtail. tCClMKM. EiLtVATiftH AT X K 

.», .--^ ,-..,...-:._ — ■ 

Fia. 7iJh Ceobs SiHTnoH avp Enn View, 

furnace gasee to a safe temperatiire for the supc 
tubes. The fresh feed in this caae is also mixed w 
circulating water. In thia way the water already 
Imatfd fully to boiler temperature, and it is foun 
very much larger boiler output can be secured. 1 
liylling agent which keeps the water in movement ( 
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is superheated steam, which when it cornea into 
^*ltact with the water becomes at once saturated only, and, 
^^'irHting in bulk, gives a work effect bs & result of the 
■Si<ieiisa,tion of volume. 

|P^<Jrrectly and best to utilize practical conditions, 
^^ generation of steam must, like ita use, be conducted 
' stages. Thus feed watpr is first heated'by the exhaust 
^^^^m from an engine either at atmospheric preaaure or 
^^ ^ condenser at a lower temperature. Next it acquires 
^*^*^lier heat from the waste gases, and finally in the case 
^ the Cruse superheater it is heated fully up to the 
*^t*iperature of the boiler in the process of regulating the 
"^perheat of the steam. 

Even where this stage is not present it is well to heat 
^^■Je feed by steam from the boiler, so that the full tempera- 
'^Ure of the boiler may be attained by the water before this 
^^B passed into the boiler. 

The advantage of this was first claimed by M. Normand, 
I French engineer. He claims an economy of 10 to 15 per 
ent, as the result of nsing steam from a boiler to heat the 
vater going into that boiter. 
It is not as a rule worth wliile, when making steam 
lengineering calculations, to take into consideration the varia- 
tion of specific heat. One pound of water raised through 1 ° F. 
[represents very closely I thermal unit=: 1 B.Th.U., and 
[1 kilogramm^e heated 1° C. is closely equal to 1 calorie = 
1 1 cal. But for those who wish a closer figure the table XXII. 
I of Regnault's values of the specific heat of water will bo 
iisefuL Rowland considers water to have a specific heat= 1 
I at 15*^ C. below which temperature it rises and attains to 
1-0056 at 5°C.,and falls to a minimuai of 0-9956 at 29^ C. 
■when it rises slowly again above that temperature. BartoU, 
and also Ludin, assume unity at 15'' C, and show a rise at 
lower temperatures, a minimum of 09993 and 0'9988 at 
22" C. and 29'^ C. respectively. Mr. James Weir has heated 
||eed water in the apparatus (Fig. 76) by means of steam 
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bom tb« iiMf ■■>■!!■ I* itciii »CT of a 
alter the mhb feaa doae iiiiwm vork m the h^ 
lir. Wd 

VB boB the w»lcr. Tb«^ : 
lA boSets. la the Wtfu Lt4-'; 
tfey are dzmwn at at the tap of the 
fraUj u uJ mJmI ban v«fcer appear to hftTe a peeofivi 
in lujuuHuu, ovin^ pmbaJblf to an actH« oanStian 
their naaccnt m a a lrtkn i in the atomic foim beiaffe i 

r*4M'aSnn has fJm^ 

plMW. Only I . :■ 

rliminataoD can ttii 

tube boilen be mii- 

tamed epqnd at sea 

In Fig. 76 thp 
heater h abcnm to 
a float which ngoliM 
the supply pump In 
meaos of a ihmtlr 
ralve. thus supplsiM 
water as the boikr Crcd 
pumpdra ws off the stoR. 
The cold water entn* 
aft a spray, and mr«is 
the steam enterini 
rounii the perforate* 
easing. Auxiliary ea 
gines at sea may sappi 
the steam, and Lb 
temperature of (w 
may be 212^ F. in a closed heater. Thus, in an exampl 
cited where steam was taken from the receiver at a gaug 
pressure of lfi"7 lb., the temperature being 218'' P., w»t« 
token at lOO"" F, from the hot well wa** raised to 218^ P 
Since steam at the receiver pressure contains 1 ,080 B-lTi-C 
meaeured from 100° F., and the water acquires 118 
temperature, Ihi;* represents nearly 1 1 per cent, of the tela 
available heat of the steam. Thus tlie first cylinder of ai 
engine Js improved in efiftcieucy. or the first two cylinder 

23S 




Fiu. 76- WEIR Feed Heatzb. 




FEED HEATING 



Te is a. tbitd, for they have taken work out uf the 

Where there is no waste ga^ heatei% there can be 

uestton as to the economy of the Weir system, apart 

itw benefit in respect of corrosion. 

Buxihary plant were alwayfl near to the main en^nes, 

I only required to run when these run, it is probable 

b greater economy would be secured by using in thtra 

|>"ttled receiver steam and coupling them up to the main 

denser. But they are often too far away for thiH, and 

Kuse boiler steam, in which case their exhausts can 
be used in tubular feed heaters. Very much in the 
■ of feed heating cannot be done by exhaust siteam on 
■way to tbe condenser, simply because it so rapidly 
aires condenser temperatxire. Only about UH1° to 
' F. can be secured, whereas, as already Keen, upwards of 
r F- has been acquired by feed water heated from the 
odver. In most cases the engineer vdW find he has more 
tt than he can utilize. There arc both waste steam and 
fite gaji, and it is of no use employing boiler steem to 
it the feed water until after the economizer, if present, 
I done all that is possible. 



" Surface or Tubular Feed Heaters. 

rht^sP) of coursCj find their principal employment where 
(j-eondensing engines are at work. They all consist of 
>e8 variously arranged and exposed on the inner surfaces 
exhaust steam or vice versa, or, when necessary, to boiler 
iRjn more or leaa throttled if so required. 
In the Row heater (Fig. 77) the tubes are indent-ed aft 
>ugh rolled two ways through a cogged rolier. The 
structed irregular passage through the tubes compels 
'bulcnt movement of the water, and it is claimed that 
a toat with steam at 62 lb, pressure, a Row tube raised 

gallons of water to 212^^ F. in 5^ minutes, whereas a 
ailar but plain tube required tmcc that time. Similarly 

gallons were evaporated in 11 J and 24 minutes respect- 
fly. Apparently the indented surface ia dcJUbly as 
icient as plain surface. 
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The Berrjznan Heater. 

Tltts brvtvr (Fig. 78) is a ]ang-e^afal»hed form 
ritti iBTcrted pj tabes d vmiiona lengths suitably 
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» a double chamber base. 
Lin passes tltroiigh the 
58 and watftr rifies from be- 

and 13 taken off bolovv the 
U and air trap, which should 
B an escape or blow-off tap. 
tubes are free to expand 
aout stress, and the crown 
^be taken ot! and the tiibea 
nd of scale. The heating 
^r of exhaust steam is very 
it. One pound contains 967 
•h.U. above 212° F.. so that 
rill heat to 212^ F. 6 lb. of 
*r supplied at iiP F. Obvi- 
ly, therefore, a non-condens- 

engine will boat the feed of 
ay times its own power uf 
jines to 212^ under ordinary 
iditions, and a wasteful direct 
am pump will beat feed water 

quite large main engines from 
s usual hot well temperature 

a good high-feed tempora- 
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TABI.K XXII. 
BPEoirio HEiiT ov Water (Regnault}. 



Tempi. 


Sp. Heat. 


Tomp. 


Sp. Hfljit. 


0'C=^32'*F 


1.0000 


1!0'C=230'F 


1-01S3 


10* = 50* 


I '0005 


120°= 248" 


1-0177 


20°= 68° 


l-00l!2 


130°= 206" 


1-0204 


30*= 86*" 


1-0020 


140° -284" 


1-0232 


40=^10-1° 


!'0030 


1 DO' = 302" 


H»2e2 


50'- 122'* 


1-0042 


HiO° = 32U° 


l'02iJ4 


fJO" = 140" 


1-0056 


170''=338° 


1-0328 


70^=158^ 


I"O072 


180" =356" 


l"0364 


—^ BO" = 176' 


I-OO&S 


1&0'^ = 374'' 


1-0401 


■ 00"- 194* 


1'0109 


200* =a 392" 


1-0440 


■lOO'' = 2I2- 


1-0130 
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The specific heat of water is taken «e 1 ' 00 at O' d =Vfl 
The table XXII. givps Regnault^& SgoreSi, wbiclive 
not far vrrong. Some observers, however, giw figira ^ 
than unity above C^ C In either case the varistioii m ^ 
specifie heat is of no consequence to the engineer. 

Similarly water does not vary very much in bulk m^ 
variation of temperature, as shown by the foUowiof ti^* 
(XXIII.) of weight per cubic foot in lb. 



TABLE XXJII. 
ExPANsrox or Watkr. 



T»mp. 


Weight. 


Tamp* 


Weight. 


Temp. 


.^^ 


212'F 


59*71 


ascTF 


55'52 


SOOT 


i>*l 


260* 


5S'8l 


400* 


53-ft4 


500" 


^T'-'- 


300' 


57-26 


450 


fiO'66 


ea-* 


&2.2T* 


102- 


62-00 


168* 


61-00 1 

i 


203" 


eiM 



Up to boiling point in the open air, therefore, the o- 
panaion is under 5 per cent, of the bulk at 62" F. 

The maximum density of water is at 4° C. = 39 T f 
To melt 1 lb. of ice at 32° F. to water at 32^ F. rwiniw I 
l42B.Th,U-= 35-78 oalories per pound or 78-86 calom] 
per kilogramme. To evaporate 1 lb. of water at 212". FJ 
into steam at 212° R requires 965-7 B.Th.U, 

The imperial gallon of pure distilled wat-er at 62^ F.l 
weighs 10 lb. by law, and measures 277-479 cubic iacbn.! 
The American gallon la the old wine gallon of 8^ lb., audi 
measures 231 cubic inches. It is important to renienil*r] 
this, for on one occasion known to the Author a smart 
American ealeeman sold locomotives to a colonial Govoti- 
ment on the s=itrength of the greater capacity of their tender 
tanks, wliereas the rival English engines were of consider- 
ably greater capacity. 

Tray Feed Heaters, 

Under the head of '* Water Softening.*' reference bi? 
already been made to the Chevalet-Boby heater detartarixw- 

242 




inMs- 1 



FEED HEATING 

Similar effpct* in softening are obtained hy allowing the 
water to ont«r a boiler by way of a number of shaUow 
fc'crflow trays. By this means feed heating and scale 
pptwit are effected in the trays, and this is better than 
rt<:t tlow of cold water into a boiler. The trays catch 
the lime ealts aa they are caused to separate by heat and 
Ihere to them. The trays should be in duplicate and 
[ily removable. As soon as removed, and while atill wet 
and aoft, the scale can be easily knocked off. To throw 
down sulphate of lime a Uttle carbonate of soda is used in 
tlic feed. 

The Cochrane heater is also a comhination heater and 
purifier, 6t*a-m from an engine enteriiig through an oil 
e*parator and passing upwards between the trays, over 
which the water is trickled. The heated water passes 
through a coke filter below, and this arrests the last of the 
deposit. It is claimed for all thci^e various purifier heaters 
that the oil not removed by the mechanical separator is 
ubKorbcd by the scale deposit which adheres to the trays. 
Needless to say, these contact heaters are far more 
efficient per unit of space occupied than are surface heaters. 



CHAPTER XXV 

THE PRACTICAL APPLICATION OF 
STAGE HEATING IN THE GENERATION OF SI 



IN order more fully to illustrate what the Author 
to bo the correct principles of at<?ara engioeerinc «i 
the particular relation of the feed-heating st-agee to lfc» 
general scheme of the heating of the working fluid of tt» 
steam engine, he has wlect^d the accompanying lilustntiaa 
of the " Cruae " or " Quad " boiler because they ebow » 
much as it la potisible in one combined apparatus each sfca|» 
into which practical coi^ideratioua tn^e it economiodf 
neoessary to divide the whole operation of steam making. 

The illua tractions represent a, " Cruse " atraight-tube thnt 
drums boiler, combined with a doublo-tub© economixer. i 
feed reheater and purifier, and a controllable superheater. 

The feed water^ ah^ady heated to 90" F. or 100°F.. whethd; 
because it comes from a surface condenser, or haa 
heated by an injector* ia passed into the int^r-circulatinf 
double-tube economizer, which ie placed in the path U 
the waste gases from the boiler. The practical necessity 
feeding an economizer mth warmed water has been expli 
when dealing with economizers. In this economiwr the 
water acquires what heat it can obtain frora the nonunalfy 
waste gases ; it is fed into the bottom and rises from tbr 
top box to the upper side of the feed -reheating drum* 
which it enters through the inlet valve and falls in jets or 
in broken sheets from a perforated pipe upon the seriee o' 
perforated plates forming a shed, the perforations being ib, 
the vertical parts of the plates. Inside the space end* 
by these plates, steam is admitted from the boiler to 
upon the broken sheets, or the spray of failing water, 
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feed water is thus raised to the full t-empemture of the 
Jer. The steam upace in t!iis feed-heater drum ie in free 
communication with the steam space of the drums of the 
^oUer, and ia, therefore, continuously supplied with all the 
'fleam necessary to make up that which disappears by the 
condensation resulting from contact with the feed water ; 
the water space of this drum ia likewise in open eommmiica- 
tion with the water space of tlie drums of the boiler, and 
thus the boiler proper, being fed with water at the full 
temperature of the working pressure, is free to perform 
Jy its proper duty of evaporation. 

[ The saturated steam generated in the boiler passes from 
ie steam and water drums into the two saturated steam 
smes, whence it is led to the 15-inch collector, from which 
'it is distributed to the Tarious sections of the superheater. 
. This superheater should theoretically be next to the furnace, 
but the limited endurance of steel compels here a departure 
from mere theory, and the superheater tubes are therefore 
placed behind the first bank of the heating tubes in a zone 
of temperature which they can endure. This superheater 
mtemally is fitted with water-control tubea^^ through which 
a stream of water is propelled by a superheated steam 
inspirator. The water is drawn from the front drum of 
the boiler and delivered through the control tubes to the 
back drum, acquiring heat on its way from the heating 
gases and through the steam which is being superheated. 
This control system not only governs the temperature of 

Eperheat within a narrow range, but serves to protect the 
perheater tubes also, and this more especially when steam 
ceases to be drawn through the superheater for power, for 
then the flowing water continues to absorb and carty off 
heat, abstracting It from and through the superheating tube 
shells, while it also compels some steam to flow tlxrough the 
superheater tubes and uses this flow to maiutaini its own 
active circulation, the two effects combining to avert over- 
heating of the superheater tube metals. 

By the combination of the four distinct sections or 
elements which go to make up this " Quadriunial " boiler, 
the stage pi'wluction of steam is carried out an nearly upon 
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correctly scientific lines aa practical considerations enable 
it to be done ; that is to say, the furnace heat at maximum 
temperature is applied to the working fluid at maximum 
temperature, and this maximum temperature is first acquired 
by the water as far as possible from heat that would other- 
wise be wasted. 

Large downcomer pipes, external to the boiler casing, 
ensure perfect and regular circulation, and large equalizer 
pipes, also external to the boiler casing, maintain the water 
level of the two drums equal throughout. 

Any section of the superheater can be cut out and its 
four connexions blank flanged ; if necessary, the whole 
superheater can be lifted out between the top saturated 
steam domes and, the four main connexions having been 
blank flanged, the boiler can be worked without the super- 
heater. 

The boiler as illustrated is the first complete and self- 
contained combination of apparatus for the production and 
superheating of steam on the lines of stage heating recog- 
nized as correct, each stage taking place in a separate 
vevssel. This boiler therefore represents the most perfect 
practice in steam generation hitherto evolved. The onlv 
departures from strict theory are in such points as the 
limitation of the capacity of endurance of materials renders 
necessary. 

A notable feature in the boiler proper is that all the 
downward circulation of the water takes place in large 
downcomer pipes outside the external casing and the up- ' 
ward circulation takes place entirely by the small heated 
tubes which are all at right angles to the furnace and face 
the direction of flow of the gases from the furnace. 

The following is abstracted from Mr. Cruse's own account 
of the combination patented by him and embracing the four 
main stages of steam generation in one seating or enclosed 
space. 



i 



The " Quad " superheated steam generator combines in ; 
one comi)act enclosure the four integrants of the process of | 
steam generation. 
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1. An inter- circulating tubular feed-water heater i 
" Economizer." 

2. A cylindrical steam-heated feed-water i»-he 
puritier or "" Hypertherm/' 

3. A vertical straight tube boiier or " Evaporator." 

4. A water-tube-controlled ateum superhe^ater. 
Thetse units form the four progressive stage* into 

practical steam raising la divided, and eaeh omi 
independently of, although correlatively with, the others 

The *' Ecoiiomixer " is constructed of seamless steel m 
each containing a smaller internal tube, open top 
bottom ; this allows of a rapid and constant 
circulation in each tube, combined with the general fo 
movement of the mass. Tlie tube plates and di&hes fo 
the top and bottom boxes are of wrought steel. The inte 
circulating action adds to the efficiency of this das i 
apparatus and minimizes corrosion. The feed from 
condensers is fed into the bottom boxes, and leavw ■ 
top boxes much raised in temperature and travels to i 
re-heater drum above. 

The re-heater or " Hypertherm " is a rivet ted steet i 
provided with a caat-iron perforated water-distrihulor ] 
and shed in the steam apace, and with a perforated viVii 
collector pipe in the water space. It has a large 
pocket and blow-off pipe, and steel steam-inlet blocks 
pipes and steel water-outlet blocks and pipes, connwti 
it respectively to the steam and water spaces of the Ik 
drums. The feed water from the economizer enters tbroq 
the valve at top at economizer temperature, and leav« I 
the boiler drum by the pipes at bottom at boiler-pr 
temperature. 

The boiler proper or " Evaporator " is composed of 
top, or steam and water, drums and one large^ or two : 
bottom water drums. The drums are interconnect«d 
Hmall seamless steel heating tubes and by large 
steel downcomer and equalizer pipes. The large 
comer and water-level equalizer pipes are all outsi<le 
boiler casing, and are connected to the drums bv rirelt 
blocks, The small heating tubes are straight and areidfflp 
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expanded, or they may be staved at each end and screwed 
and expanded into specially rolled and shaped concave 
fitoel-tube plates rivetted to the drum shells in the form of 
butt straps. The tubes are not directly expanded into the 



-sicrfa^ THir'fk,>m4ce 




Fia. 80. Section Through Furnai'E. 
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drum shell, but the corresponding holes in the drum 
are bored to a larger diameter to allow the tube ends to 1 
Ijell-moiithed over the counter-sunk shoulder formed o& I 
butt strap. These tube plates are except iotially atrong. audi 
ill addition to permitting the use of straight tubes en: ■ 
non-radial to the drum, without the necessity of dej. ;. 
from the cylindrical form of the shell, they strengthen 
shell plate at its weakest section, i.e. where it ia drilled farj 
the admidi^ion of the tube ends. 

The top dj-uma are, for water- tube boilers, except ioiutllf I 
large; the containing capacity of the combined steam] 
spaces equals, approximately, OtM) cubic feet ; while 
water spaces, from working level to above the line of 
tube ciida, give a water-storage capacity equal to one ; 
a half hour's evaporative duty^30,000 lb. 

The top drums are surmounted by two longitudinal 
rivetted steam drums or doroea, with safety valves and 
outlet branches to the superheater collector ; the steam b 
drawn at mid height of the domes, and thus an ample 
steam-separating or anti-priming chamber is formed, tlic 
entrained water being allowed to fall and return to the 
main drumB. 

Tiie superheater is a form of the Cruse controllable tj-pe, 
and is made up of a number of element** assembled fore and 
aft by means of the saturated or inlet steam collector and 
the Huperheated or outlet steam collector pipc&. The con- 
trol water Hy^item is connected to the front drum by the 
front-water collector and, through each element, by the 
back-water collector to the back drum. The control, nr 
government of the temperature of superheat, is maintained 
and adjusted by means of the superheated ste^m inspiratois 
at each end of the front-water collector. This water-tabe 
controlling system may also be connected to the feed-healcr 
drum, to the economizer, or direct to the condenser. Tiie 
front or superheated steam collector carries a safety valve 
and necesaary outlet blocks. 

This boiler is provided with all necessary safety and stop 
valves, water-level valves and steam and water^leveJ indi- 
cators, pressure gauges^ blow-off pipes and cocks, di 
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The boiler iUuatrated boa an ev&porative cftpactty 
20,0001b. of water per hour, rated from and at 212* P.; 
from feed water at 100° F. into steam at 1601b. working 
presaiire, superheated 200° F,,the fuel beir^ North-CouEtn 
coal of a calorific value equal to 14^000 B.Th.D. per pound. 
the guaranteed coal efficiency being 75 per cent. 

Ground space covered by this generator : — 

Length : from outside furnace mouth to damper at baci 
—22 ft. 

Width; over dmma — 19 ft- 

Gangway— 3 ft. 

Height ; 28 ft- from firing floor. 

From the foregoing details and the illustrationa it will k 
found that the process of steam manufacture on scientifii: 
lines can be carried out with an apparatus constractod 
within a small space, yet readily accessible. St«am raisini 
is seen to be an operation involving a good deal of judgmeat 
in regard to the means to be employed, and no inconsidered 
compromise between narrow theoretical views and practical 
eonditiona. Thus the dictum of theory is that all heat 
ought to be applied at the top temperature ; but, in the 
first place, it is not practicable to employ a working fluid 
60 hot as the source of heat ; and, secondly, it is not 
practical to throw away low-temperature heat. Hence the 
system of stage heating, as here illustrated, as a scientific 
compromise of many conflicting elements. 
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CHAPTER XXVI 
WATER COOLING 

UNLESS a river, or a canal or a large pond is available 
for condensing purposes artificial means must be 
employed to reduce the temperature of condensing water to 
* point sufficiently low for efficient use in condensing 
apparatus. 

The ordinary methods of cooling are four in number, 
viz:— 

(a) The pond ; (6) the atmospheric evaporative surface ; 
(c) the tower ; {d) the spray apparatus. 

Whatever system of cooling is employed all depend on 
the principle of rendering heat latent by assisting the evapor- 
ation of part of the water to be cooled by means of the 
absorptive power of air. Each pound of water which is 
teamed off as vapour by a current of air beare with it 966 
Units of heat in latent form apart from any sensible heat 
%<N]uired by the air as a result of its contact with the warm 
Water. 

In the annexed table (XXIV.) are given some figures 
relative to the moisture carrying properties of air. 

The actual amount of water that it is possible to absorb 
Varies with the amount of dryness of the air, and in misty 
Weather, when most required in many cases, a cooler loses 
much of its efficiency from this fact. 

If it be assumed, as above, that air will carry off 6 per 
Sent, of its weight of moisture, then 100 lb. or 1,300 cubic 
Feet of air should carry off about 5,000 heat units. Fans 
Bust be provided to supply 300 cubic feet of air or 23 lb. 
or each pound of steam, whence the Author's rough rule 
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liat the weight of air is to bo equal to the weight of circU' 
ftting water under ordinar}" general conditions. 

But it must not be assumed that the air commences dry. 
Possibly it starts with 2 per cent, of raoisture and escapes, 
ay, with 4 per cent, instead of 5 per cent. Then, in place 

■ 23 lb., or say 24 lb. of air per pound of 9t«am» the weight 
5 4 



squired would be 24 X ;; x 



2 = «" "^- 



As a fact no calculation ought to be based on the amount 

: circulation water unless it be the general size of the tower, 

essential fact is the number of thermal units in the 

laust steam, which may be assumed as 1,000 units per 

pound and in the long run it is this heat that has to be carried 

[)1F by the air. If always thermal units alone are considered, 

h will greatly simplify calculations and place each calculated 

Item of air, cooling water, etc, by itself, independent of the 

ather variables. Practically on© might say that the air 

passed through a cooling tower must carry off half the heat 

3f the coal burned in the furnaces. 

After a calculation has been made on the estimated capa* 

tity of the plant with ft given weight of air, something like 10 

&r cent, should be allowed as a margin for imperfect satura- 

l^on of the air and there should be a margin of fan speed 

fcvailable in ease of poor conditions. Thus, in round numbers^ 

lb. of air may be provided per pound of feed water and 

le power to lift this air to the top of the cooler will be 

iouble that necessary to lift the water, except that actually 

the air is expanded and lifted by the heat of the descending 

?ater and the fan poAver provides what is necessary to add 

to the natural velocity and to overcome the downward 

t tendency induced in the air by the down-flowing water. 
I For practical purposes, 13 cubic feet of air may be tak^i 
pe weighing 1 lb, at the ordinary mean temperature in this 
country i 

Only by a countor-current system can the full effect of the 
hygroscopic quality of air be utilized, but under cooling- 
tower conditions it should be possible to discharge the cool- 
ing air fully saturated at the temperature of the entering 
water. 
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The Pond, 

The essentials of a pond are such a capacity and such u 
area as will suffice to cool the water to a suffioientJv lot 
temperature before the whole mass of water haa nude i 
complete circuit of the pond and condenser, Preferablv 
the pond must be below the condenser so as not to call 
too heavy a lift on the air pump if this is part of a jet 
denser. With a surface condenser the circulating pu! 
should be part of a closed eircuit w^th the condea^r, 
indraught and discharge pipes both extending below ti 
water mu-face, so that the work of the pump is merely frii 
tional. A good jet condenser will Uft its own injectioa wai 
17 or 20 feet from the pond by the " vacuum " only. 

Mr. Barker ' found that with the most unfavourahl 
conditions of atmosphere and location the cooling of wai 
in a pond may be as low as 190B.Th.U. per square foot per 
hour, even with high-surface temperature of the water. Nil 
with better exposure and the same atmospheric conditions 
as many as 290 B.Tb.U. will be dissipated. Under favour- 
able oonditiona the dissipation of heat will reach OOO B.TkU. 
per square foot per hour. 

Hence it is concluded that a reservoir should have 1^ 
square feet of surface per 10,000 thermal units per boar. 
Thus, an engine of 1,000 h,p., using 12 lb. of steam per hour 
per h.p., will reject about l.ODO x 12 x 1,100 heat uuit* . 
per hour = 13,200,000 units, requiring an area of S^J'JO ( 
square feet of cooling-pond surface, equivalent to a pond 
about 50 j'ards square. Obviously, the area of a pond roust 
be thus calculated from the weight of feed water and not 
from the engine horse-power, since so much depends on the 
economy of the engine. 

The above is a minimum value. For margin it would l# 
well to allow 2 square feet per 1,000 B.Th.U. to be dispursed 

Nor ehould the capacity be less than 10 cubic feet for m 
same 1,000 thermal units. This implies a pond about 5 f«et 
deep, but there is no higher limit of depth so long &» the 
sui'face is maintained. 
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In order that there shall be no short circuit of the hot 
^ater, bafUe walls are built, round or over and luider wltich 
lie wat«r must travel on its patli hack again to the con- 

er. 
The temperature of the water has a great effect on the 
fcte of cooling and an increase of mean temperature by 
° F. has been obaerved to increase the rate of cooling by 
per cent. 

In still air the evaporation being called unity, was found 

' Dr. Daltun to become 1*28 for a gentle wind and 1*57 for a 

ak wind. Tho wator-laden character of the atr will affect 

aling and a dry though warm air will readily producp a 

etter cooling effecl than a cold but moist atmosphere. 

Obviously Ly the law of mixed vapours moisture will 

from a water surface and permeate the space above it 

just such proportion as is due to the temperature of the 

l^ater surface and to the amount by which the air above ia 

anting in moisture. 

Cooling is a double effeet of radiation and evaporation or 
lar absorption. The air also abstracts heat by actual con- 
luction. Not much heat is tost through the earth bottom 
bf a pond. 
A puddled reservoir^ eaya Mr. Barker, will coat from 1 {d* 
2d. per cubic foot capacity, an average of four costing 
*lld. The cost will be less where excavated material 
run into banks^ for this saves half the excavation and 
robably thi'ee-fourths of the spoil wheeling for an equal 
ipacity, 

A reservoir of 19.143 square feet area and a capacity of 
>27,000 cubic feet cost £920. 

Concreted reservoirs cost from 2'2rf, to 4"2£?,, or an average 

pi 3"2rf. per cubic foot. 

The cheapest pond is, of course, that dug entirely in clay 

~snd banked with the excavated material. The banJc should 

preferably be pitched with stone pitching on edge or brick 

on edge, and the top and outer slope grass sown. 

The capacity of the bank should be calculated exactly to 
absorb the material excavated. 

The inner slope should be llatr— about two to one. The 
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k of Ae b«ak aead WW be wido- t^a i^eenny for a ]hI 
■Mi th e mdJcd otg Aipc mmy be cue in ooe fern 
nsporteaft a poad m m ahalfcnr reaervtiir. eopecMllr wiw 
Ikalf dag oot (tf thfr <pi»(L 

The Alzxwsplicfic ETaporatnr* 

Next to thr poad coom the atme^pberic empaaia. 
PrimHtTV mmplrn of these faa-cir exited for a long tinril 
the shape of stodcs of bt&nchea oto* which the watn- tofe 
cooled wad disehu^ed uid cookd by the wind beiare niter- 
ing a ptthaps too flmaO pood. Similarly it is customarria 
eotopd thr hot water to make a circuit of the pond in 
wooden troQ^bs before it re-enters the pond. The 
rippUng auuMla ooo&ng^ 

The modem rraporative coofer la built up of eltisten i^ 
thin pine boards, nailed vertically and suspended 
<9QflB-ptec«€ and fed on their upper edges from a 
ttOQghs, which again took the drippings from an 
of vertical boards similarly i^ugpended but turned 90"' in 
plan from those below, so aa to give an equal ex 
the average to every wind. Each of the sets of 
about 9 feet in heights the total height of an apparatoa 
about 25 f^t above the surface of the collecting tank bdov. 
With ample Furface the w^ater may be cooled below tbe 
temperature of the passing air. An outside open wall d 
louvre boards U sometimes arranged to prevent ^»ray 
blown away- The ground space for auch an aj 
capable of cooling 30.000 gallons per hour Is 1,900' aqmif 
feet and a height of 13 feet would be sufficient. 

Mr. Koppel allows an area of 208 feet for 2,000 galloiv. 
738 feet for 20,000 gallons and 2,520 feet for 100,000 galku 
per hour, but in his apparatus the dmzling boards arr 
horizontal. 



Tower Coolers. 

The next development of artificial cooling is the towrt. 
built to act SL& an up-c^t chimney around the foregoing 
apparatus. 
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f^'The chimney effect depends on temperature, and is thus 
more efficient as temperature rises and needs better cooling. 
The closed-in wooden tower above tlie coolmg stacks lit Fig. 
82 provider the chimney effect and the capacity is stated to 
be 2,000 gallons per ho\ir cooled above a floor apace 8 feet x 
8 feet, with a total height 
of 4fi feet. 

H should be remembered- 
in regard to cooling towers 
that though their object is 
to cool water, the immediate 
object to be aimed at is the 
saturation of air with mois- 
ture, so that the aim should 
be to f^plit up the air in its 
passage and introduce it to 
the maximum area of wet 
surface. Obviouely cooling 
can onJy occur where suffi- 
cient weigh t of air is provided 
to carry off heat, and the 
hotter the air is made the 
more heat it will carry off. 
Hence the propriety of the 
air leaving at the entry of 
the water^ bo as to attain a 
maximum temperature and 
absorb a maximum of mois- 
ture. 

In the tower of Doherty & 
Donat of Manchester, wood- 
en-inchned liorizontaily laid 
battens are employed, the 
water dripping from layer to 
layer of these through the up-current of air. Testa made at 
Birkenhead with this tower showed a vacuum of 26'9 inches, 
and cooling from 95-6^ F. to 66*6° F. The air which passed 
through attained a humidity of fl2'G per cent, of saturation, 
the air having an initial temperature of 44-7^. 
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WATER SOFTENING AND TREATMENT 

Generally any construction of tower can be obtained, 
either fan-cooled or chimney-cooled. 

In the chimney cooler, as shown in Pig. 82, the hotter the 
water the greater will be the up-draught, and so far a sort 
of automatic regulation is provided, but since the draught 
depends on difference of temperature, the cooling efifect 
cannot be so great as in an open apparatus freely exposed 
to a horizontal breeze. Nevertheless, the tower is more 
generally good for all conditions. 

The dimensions of these towers for four capacities are as 
follows : — 

2,000 gallons per hour. Height, 46 ft. Floor Space, 8 ft. x 8ft. 

20,000 „ „ „ 57 „ „ „ 19 ft. X 19ft. 

100,000 „ „ „ 65 „ „ „ 58 ft. X 24ft. 

300,000 „ „ „ 80 „ „ „ 164 ft. X 24ft. 

These tower coolers are large and heavy affairs and must 
have good foundations and be calculated to stand a wind 
pressure, if exposed, of 30 lb. per square foot. 

They throw off huge volumes of steam and wet air and 
ought to be well away from buildings, which will be seriously 
damaged by the discharge. 

Though wooden towers are cheaper, those of iron are 
more durable. 

A natural draught tower standing on a total floor apace 
.'JO feet square, will cool the water necessary to condense 
30,000 lb. of steam per hour if provided with earthenware- 
pipe filling. A fan tower of equal capacity would occupy a 
space 25 ft. Gin. x 24 ft. With a filling of split-metal tubes 
tlie floor space for these two towers would be reduced to 
20 ft. X 26 ft. and 18 ft. x 16 ft. 6 in. respectively. As 
stated later, English practice may require more liberal 
design. 

Fan Cooling Towers, 

To ensure greater certainty of effect towers are often 
made lower and air is forced through them by fans. They 
do not depend on temperature for their effect, but of course 
they require power to drive the fans. Apart from the fan 
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raught they can be filled with the isame dnKzUng boards as 

11© of the wooden towers. They are, liowever, often 

led with galvaaized woven steel mats, with short drain 

jtiles on end or with short lengths of interlaced jjpUt-stoel 

>ipe8. Tlie object is to divide and turn over the descending 

Pater repeatedly ajid continually in its descent through 

the rising air. 

Mr. Koppel's figures for ground space occupied by a fan 

ower are 11 ft. x 13 ft. for 20,000 gatlona per hour and 

(8 ft. X 24 ft. for 100.000 

Ions. He gives the brake 

Eiorse-power of the fan 

lotors as 2 for a capacity 

of 5,000 gallons of water 

[cooled per hour ; 5 b.h.p, 

for 20,000 gallons and 25 

>.h.p. for 100,000 gallons. 

Towers of concrete have 

tbeen built, one at Nurem- 

Iberg being named which 

[cools 77,000 gallons per 

thotir. 

Figs. 83 and 84 show two 
t forms of fan tower : the 
I "Barnard" (Fig. S3} with 
[•wire-mat filling, and the 
" Worthington " (Fig. 84) 
fwith drain tiles, over which 
I the water is distributed by 
I a Barker^s mill. 

It will not usually pay to u-sc fan tuwera whei-e there is 
' room for natural draught towers to iiitand. 

The Bariiard Toicer. — In the Barnard tower wire niata are 
I slung inside. This tower may be either of the chimney or 
1 fan type. The chimney type ia made as high as 70 or 100 
feet, in iron, and circular in plan or rectangular. The fan 
cooler, of course, may be of more moderate total height. 
The chimney cooler will reduce temperature from, say, 130° 
bo 85° or 90°. The fan cooler will do more. The inside 
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Fig. S3. Babnaud Toweb. 
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dimensions of Barnard fan-cooled towers are such as to allow 
about 350 cubic feet capacity per 1,000 gallons per hour, a 
2,000 lb. tower measuring 4 ft. 3 in. x 5 ft. 2 in. x 31 ft. 
3 in. ; one of 10,000 gallons 9 ft. 3 in. x 10 ft. 11 in. x 
36 ft. 3 in., and one of 30,000 gallons 16 ft. 3 in. x 14 ft. 
2 in. X 41 ft. 4 in. Fanless towers are of course of greater 

capacity, a circular tower for 
2,000 lb. steam per hour being 
8 ft. diameter x 21 ft. 2 in. 
high from water-inlet] level to 
top of foundation ; a 10,000- 
gallon tower measuring 15 ft. 
diameter x 26 ft. 5 in. high, and 
one of 25,000 gallons 21 ft. 3 in. 
diameter x 31 ft. 7 in. high ; 
dimei^ioi^ representing from 
500 cubic feet for the smaller 
sizM, to 450 cubic feet for the 
larger sizes. The fanless towers 
have of course their chimney 
height in addition to the above 
heights, which are all measured 
from the water inlet, and show 
the capacity occupied by the 
steel mats. 

As regards all forms of coolers, 
it may be assumed that the 
power necessary to pump the 
water over the tower is double 
in brake horse-power tlie actual 
Fig. 81. Wobthinqton Tower, foot pounds of work done in 

lifting the water through the 
height of the water distribution above the pump. The 
power to drive the fans, as previously explained, is about 
the same as is required to lift the circulating water, for the 
amount of air to be moved is very large. 

From experiments made by Mr. J. H. Vail,* it appears 
that in a given case, where non-condensing engines used 

* Trans. Am. Soc. M.E., vol. xx. 
264 




WATER COOLING 

lIS.Rft? lb. of wrtter per huur, it vvus decided to add a. con- 
dvnjs^rr and tower. The tower selected was a twin Barnard 
tnwpr.earh half 12 ft, 3 in. x 18 ft. X 29 ft. in. high, with 
two fails. The steel plating was (\. in. and \ in. with angle 
stiffontTrt. Wat^r was dehvered by a lO-inchpipe, cxtend- 
isiit full Icnjith of the apparatus, slotted and provided with 
06 di-stributing pipes. There were 42 mats of No. 19 
gatvanizei] wire woven to No. 5 mesh and eac^h mat was 
!.> ft. R in. X 12 ft., and himg vertically. The Rurfaco is 
called 8,064 feet. It appears to be 7,812 X 2 — 15,624 
a*t mere surfaee, not measuring it on the wires them- 
M*lvw. 

The four fant* vi'cre 8 feet diameter, each equal at loO reVB. 
to deliverijig 90,000 cubic feet per miiiute, or say. 7,000 lb. 
= 28,000 lb. m all. 

The rated eapncity of each chamber per hour ib 12,500 lb. 
of Bt^am from 132'" F, to 80^ F. when the atmospheric 
temperature was not over 76^ F. and the humidity not over 
85 per cent. Under these eircumatances 28,000 lb. of air 
per minute is provided for 26,000 lb. of steam per hour, so 
that approximately 1 lb. of air is provided per minute for 
each pnuiid of steam per hour. Put another way, the 
25.001^ lb- of fltc-Am bring about 25,000.000 thermal units, or 
say 4*HI,0(K) unita per minute. Uhla showa 1 lb. of air 
per 1 4 heat units, or aay 1 cubic foot of air per heat unit. 

Previous figures show that 1 cubic foot of air may carry 
off an many as 4 heat units. 

Cooling 13 not a matter of heating air merely, for 1 lb, 
of air heated lOO"* F. will only absorb about 24 heat 
units, or say 2 units per cubic foot. It is the power of 
carrying off beat in a latent form as vapour that adds to 
the cooling effect of air. Thus, where 1 lb. of air carries off 
^,'„lb. of vapour, the heat absorbed is 5/,, of 1,000» or roughly 
50 unitH, That is to say, 1 cubic foot carries off about i units 
besides the extra I to 2 units due and carried off by it in 
rise of temperature. 

Mr, Vail's test figuires are as follows :^ 
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Time .... 
Atmospheric tempera- 
ture 

Condenser discharge . 
Condenser suction 
Temperature reduction 
Fan -speed revs, per 

min 

Condenser vacuum 
Strokes of air pump . 



Jan. 31. 



p.m. 

30" 

110" 

66" 

45" 

36 

30 



Feb. 


June 20. 


July. 


Aug. S8. 


8 p.m- 


8 p.m. 


8 p.m. 


8 p.m. 


36" 


78* 


96** 


66" 


1I0« 


120" 


130" 


118" 


84" 


84" 


93" 


88" 


26" 


36" 


37' 


30" 





146 


162 


150 


26 


26 


24* 


26* 


30 


37 


44 


43 



Nov. 4. 



6.35 

69» 

129" 

92" 

37" 

148 
25 

28 



On one occasion the plant was worked fourteen hours in 
an atmospheric temperature between 83° F. and 103° F. 
The condenser discharge varied between 106° and 128**, the 
suction from 91° to 98° F. The average fan speed was 150 
r.p.m. and the vacuum varied between 20 in. and 26 in., 
with the air pump running 38 to 50 strokes. 

The power developed varied between 400 and 900 i.h.p. 

In the month of November a 26-inch vacuum gave out of 
a total of 643'3 h.p., no less than 185 i.h.p. below the 
atmospheric line, so that allowing for previous back pressure 
at least 200 h.p. must have come from the condenser. It 
required 13'75 h.p. to drive the air pump ; 13*5 h.p. to 
drive the fan, shownng a balance of 173 h.p. from the plant 
to pay for interest and depreciation, etc. 

It may be added that since cooling towers have been rated 
largely on American experience with air considerably dryer 
and therefore more refrigerative than is the case in England 
they will not, for a given size, give equal results in moister 
climates, and engineers should calculate them not on what 
has been done elsewhere, but on the basis of the conditions 
under whicli they will have to work and on a basis of thermal 
unit capacity throughout. 

It is open to be assumed that in foggy weather, the air 
being sometimes fully saturated with moisture, there can 
be little cooling effect by the air upon warm water, either 
in a tower or otherwise. This superficial view, however, 
ignores the facts in the above table. Far more moisture is 
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utrofl to saturate air when warm than when cold, and the 
mere fact of raising the temperature of the air in its pasi^age 
hy so much hot water is enough largely to increase its 
capacity for moisture. 

Further, periods of fog, more eapecialij perhaps in the 
south-east of England, are periods of low temperature. A 
London fog is very usually accompanied hy frost. The 
atmosphere, it is true, is saturated with moisture at such 
times, bnt it is also true that not very much moisture is 
sufficient to do this. There is therefore no need to fear 
the serioua failure of a cooling tower during fog. it h, how- 
ever, desirable, in the case of large towers, to divide the fan 
^^uipment into two, three, or even more separate items^ in 
^^bder that the amount of air blown may be regulated, The 
^^Bm are merely air propellers, serving to move a large volume 
^^^^Jt against a low resistance. 

Spraying Nozzles. 

Spraying nozzles are small gun-metal nozzles fitted inside 
with little loose spirals of flat sheet brass or with a screw of 
the form shown in Fig. Sfl, which is that of Ledward & Co. 

These nozzles are fitted in large num- 
lK>rs on a length or lengths of pipe at 
any height above gtouaid. The air-pump 
or circulating-pump discharge escapes 
through them and is flung into the air 
with a whirling motion which causes it to 
break up into spray. The pressure must 
not be too great, or too much resistance 
wilt be thrown on the pump, A head of 
10 feet is considered suitable^ and the 
annexed table (XXV.) gives the output at 
that pressure. Sprayers must bo used 
with judgment and cannot be placed 
high when near other property, as the 
rind carries the spray and causes a public 

ICO. In such cases they must be placed low and may 

ranged over an aroa of concret-ed floor sloped [-o drain 

the water back to the suction point. It lA not necessary 
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to work them by the air puinp. They can of eourse be 
worked by their own special pump, and where water in 
scarcie and space insiiffloient sprayers may he run by & 
smaU electrically driven pump to keep water in circulalion 
constantly, cooling it down during hours of light load. 



TABLE XXV. 
Sfkavek OlTTPLfT. 



Ko. 


ot 
Orifice- 


P(B,Tnet«r of 


Approsnmatfl Dta'hHTiin' 
l^r hour under 10 It 


1 

2 
3 

4 


in, 

in. 

in. 

I in. 


1 in, 
lin. 

t|in. 
Sin. 


BO 
350 

son 
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FEED PUMPS 



IT m impossible to include dpscriptionfl of more than a 
fraction of the feed piiinpa on the market. A few 
only can be described in the limited space available. Feed 
pumps exist as direct acting, Bteam tlriven, with stt'am and 
water eyhnders tandem fashion on the one rod as crank- 
shaft pumps also ateam driren, electrically driven pumps, 
Iteltniriven pumps, etc. 

In dealing with the subject generally engineers should be 
c&utious how they use the tables of horse-power and pump 
duty which appear in American catalogues, many of which 
are widely scattered in tbia country. These tables are often 
based on a gallon of only 8^ lb. aJid not on the imperial 
gallon of 10 lb., and the effect when this is not recognizcil 
is unfair to the English pump maker, for the tables convey 
a false idea of what is done by other pumps. 
Ik a pump is really a simple matter to calculate, for it'is 
^■acrely a machine for raising weights, or for moving a piston 
Hagamst a pressure that can be translated into the equivalent 
"of a raified weight. Large masses of water are often put 
into movement by small pumps, for supply pipes are some- 
times long. It is an axiom in durable and good pump 
practice that speeds shall be slow where movement ia of the 
reciprocating order, while the contrary holds good where 
th^ wat«r moves continuously and in one direction, as in 
the case of the centrifugal pump and other perhaps less 
known forms. When reciprocating pumps do run quickly 
they are of special design in Avhich provision is made for 
the preservation of motion of the water in one continuous 



[>W. 



Care must be taken in choosing a pump carefully to 
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' poispa ape verjr v^rioa^ 

io eooQomize by udiig d»f 

t^VKhaast from sl«uiMlri« 

i "vater, tmd mi r k 

J by the PortCT-Oui 




£rotQ a disUnoe thM 
eoDBtant ^w in tk 

fa diiplic«te u a M^ 

eoDvenient far 

or moie, boiiew 

' to those paxtiniJu 

I ; but an andiie duplks- 

be ftTvided, tartakdovn beiof. 

Vy *i» e^iendittire on good ptpm, 

than by m prolific use of inferkt 

V^m ^« «atcr i» u> Iw pomped it should either flow hj 
rrarinr to iht pawp, cr the height of lift should be coo- 
sttvnKv lffi& tbui that Rpfesmted by 25 feet — A, wfaeie 
i if ib^ facariit in fcct of a ccdonm of water equivalent to 
lib^ iw i fuau g <tf £t«am at the given temperature. 

I^as at ikPempenxan €i 162° F. the head in feet is aboot 
1* Tben i5 — 12 = 13 feet woold be the maximam lift 
Umx $boQld h^ attempted. 

TV actual net vork dooe by a feed pump is represented 
Kt ibe prodoct of the weight of water pumped in a gireo 
time, and the height in feet equivalent to the boiler pre^ure 
against vhkh the feed is pumped. Pump efficiency may 
b** as^osMd at 50 per cent., or say at 40 per cent, ovoafi 
eiKoienoy for pomp and electric motor, as ascertained by 
the writer in case of a treble ram pump electrically driven 
by worm gearing. Where worm gear is employed the 
thrust bearing should be long and run in an oil bath, and 
the thrust collar should not be placed in too narrow a part 

the casing or it will fail to get sufSoient lubrication. 
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In tlie following tables (XXVI. and XXVII.} are given a 
few pt^ticulars as to the lift practically advisable for pumps 
drawing hot water. The table is worked out for barometric 
pr^sures at different altitudes, but in place of the baro- 
metric pressure may be placed 14"7 less the vapour tension 
of water at any given temperature, as shown in Table XIII. 

It is also useful to remember that the square of the 
diameter in inches of a cylindrical pipe gives approximately 
the weight of water it contains per yard in poimds. 



TABLE XXVI. 
Fob Converting Feet Head of Water into Pbessube per Square 

Inch. 



Feet 
Hflwl. 



1 

2 
3 
4 

S 
6 

7 
8 


10 
15 
20 

25 
30 
35 
40 

45 
50 



Ponndsper 


Feet 


Square Inch. 


Head. 


•43 


55 


•87 


60 


1-30 


05 


1^73 


70 


2-17 


75 


2-60 


80 


3-03 


85 


3-40 


90 


3-00 


95 


4-33 


100 


6-50 


100 


a-QQ 


120 


10*83 


130 


12*99 


140 


I5'16 


150 


17-32 


IGO 


19-49 


170 


21-65 


180 



Pounds per 
Square Inch. 



23-82 
25'99 
28-15 
30-32 

32-48 
34-65 
36-81 

38-98 

41-14 
43-31 
47-64 
51-97 

56-30 
60*63 
64*96 
69-29 

73-63 
77-96 



Feet 
Head. 



190 
200 
225 

250 

275 
300 
325 
350 

375 

400 
500 
600 

700 

800 

900 

1000 



Pounda per 
Square Inch. 



82*29 

86-62 

97-45 

108-27 

119*10 
129*93 
140*75 

151-58 

162-41 
173-24 
216*55 
259-85 

303-16 
346-47 
389-78 
433-09 



Thus a 4-inch pipe contains 1*6 gallons = 16 lb. = (4 x 4). 

To find tho pressure in pounds to the aquoro inch of a column of 
Water, multiply the height of the column in feet by -434. Approxi- 
mately, every foot elevation is equal to one-half pound prt»ssuro to the 
squcu*e inch ; thia allows for ordinary friction. 

The mean prosnuro of tlie atmosphere is usually eatimatod at 14-7 
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poundB to the square inoh, so that with a perfect vwnu 
austain a columzi of mercury 20'0 inohee, or a column of \ 
feet high. 

Doubling the diameter of a pipe increases its capacity f 
fViction of liquids in pipes increaseB as the square of the \ 



TABLE XXVn. 
Fob Contebtino Pbessube fkb Square Inch into Fe 

OF Watkb. 



Fonndiper 
Bqtutre Inob. 


Feet 


p<nmd>per 


Feet 


Poondaper 


HeKl. 


Square Inch. 


HeAd. 


Square Inch. 


1 


2*31 


55 


126-99 


180 


2 


4-62 


60 


138-54 


190 


3 


6*93 


65 


160-08 


200 


4 


9-24 


70 


161-63 


226 


5 


11*64 


76 


173-17 


260 


6 


13-85 


80 


184-72 
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7 


16-16 


86 


196*26 


300 


8 


18-47 


90 


207*81 


325 


9 


20-78 


96 


219-36 


350 


10 


23*09 


100 


230*90 


375 


15 


34*63 


110 


263*98 


400 


20 


46-18 


120 


277-07 


500 


25 


57-72 


126 


288-62 





30 


69-27 


130 


300-16 


— 


35 


80-81 


140 


323-25 


— 


40 


92*36 


150 


346-34 


— 


45 


103*90 


160 


369-43 





50 


115*45 


170 


392-52 


— 



Weioht and Capacity of Different Standard Gall 

Water. 



Imperial or 

English 
United States 



Cubic 

InohoH 

in a Gallon, 
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Weight of a 
Gallon in 
Pounds. 



OallonR 

in a 

Cubic Foot. 



231- 



Wcipl 

_ cubic 

wnt-er, 

stai 

10-00 6-232102 62-3; 

8-33111 ; 7-480519 Avoir. 
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Flow of water in pipes, — It is not dcsjraljle to give too 

bapid a velocity to water flowing in a pipe. About 3 feet 

er second is considered a suflQcicnt velocity. 

Darcy's formula for the losa of head due to friction in 

pipes is : — 

^^...-A^in 1 0-00002081 6>. 
00015965 . 0.0&40723H \ 



-[ 0*017370 + 



I t»* 



d 



+ 



d 2g 
= ('0019S920 + 



(1) and 
(ll>0166573> 



d 



(2) ; where 



h = loss of head in feet due to frif:tion. 
d = internal diameter of pipe rn feet^ 
V = velocity per i3econd in feet. 
/ = length of pipe in feet. 
2g = 64 324. 

The formula (1) is used for vplonitlcs less than 0-33 feet 
er second, and should fit feed-pipe work if very liberally 
aroportioned. 
Formula (2) is for v = more than 0-33 ft^ct per second. 
The rules are applicable to pipes of 4 in. and upwards^ 
md represent about 10 feet loss of head per 1,000 feet for 
-inch pipes at 3 fpet per second. 
For smooth inside pipes of small diameter Weston^s 
formula is : — 



h 



'0126 + 



0-0315 - d 0-00> 



^/v 



By this rule a 1-inch pipe will lose about 5 feet of head 
er 100 feet for a velocity of 3 feet per second, whereas a 
-inch pipe will only lose about 2} feet of head per 100 feet- 
1.0SS of head increases with the square of the velocity, and 
Ithe influence of length is serious. Velocity may be in- 
creased for short distancea in larger sizes of pipes up to 
feet per second. 

Long pipes laid horizontally to pumps should have a 
suction air vessel near the pump to assist in preserving 
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the motion of the water uniform in tb© pipe, and 
pump should have an air vessel oil its delivery sid^. 
In fixing on feed-pump arrangements, it is al««ji 
sir&ble that there should be at leaf^t two feed pumps to I 
plant. Where a large plant is divided into a nomber i 

independent eectiotm. it is 
doubtfully good practice to | 
vide each set or section with i 
much provision in the «iyi 
feed pumps. In auch a case I 
moderate supply of spares : 
suffice, all thepum|)s discli 
into one feed main, whichS 
have cut-out valvee to 
off the various sections, 
this means the failure of 
pump or pumps of any 
can l>e made good by a sup 
tlirougb the common 
Speaking generally, the safflt 
may be said of feed pipe« «* 
of steam pipes/ that an excel- 
lence of materials and constnic- 
tion should be preferred lo as 
excessive duplication of maiiie. 

The Weir Feed Pump, of 
which a simple form is shown 
in Fig. 8G, is one of the slow and 
long-atroke variety, built for 
economy, durability and relii- 
bUity. 

Fio. 80. Weik Feed Pump. From the annexed table it 

will be seen that at the normal 
speed of practically 16 double strokes per minute, the stmke 
being 15 in., the piston velocity is only 40 ft. per minute. 
The pump tested had 6-in. pump cylinder and 8-in. st*«ni 
cylinder, a stroke of 15 in., and a steam pressure of 1 10 and 
107 lb. In the course of twelve tests the efficiency never 

■ i^ Steam Pipes, by tht^ same Autiior. Constable & Co. 
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b11 below 95 per cent., even at so slow a speed as three 
loubte strokes per minute. Piimps Like these have a margin 
rery considerable, when it is considered that a bucket 

elocity of 80 to 100 ft. per minute is considered quite 

ordinary. 

Normal fSjiocd. Slow Sptod- 

Steam jirc-ssuru at pump HO lb. 107 lb. 

Wat^T », • „ 164 tb. .164 lb. 

Double yfcmkcfl per minute » . ■ * I5'U . fl'O 

Efficiency of pump 07-26% . 96-0% 

Founds of wtttCT ]icr [luund tjf atoaiii . 84'(1 . 55*3 

Pound* of steoni [mt nrH h.p G3'l . 05*3 

Foot-pounds wovk per iS.Tti.U. to 212" . 3M . al-y 

The exhaust frum a Weir or any other steam-drivea 
aump may bo turned through the intermediate receiver 
of a compound engine or used, in a feed heater. The former 
aae is preferable as a rule. The valve of the Weir pump ia 
D valvCj on the back of which works a small auxiUary 
ralve, and the design ia such that when steam is tiirned on 
the pump will always work. The barrel is of gun metal^ 
[the rod of bronze, and so are the valves and seats, water 
piston and mountings, TEiese pumps work up against 
'pressures of 2001b., and have been made even to work at 
600 lb. 

The makers publish the annexed table of quantities and 
^floor-space allowances as a guide in making provision for 
[pumps. The quantities in Table XXX, may be reduced by 
]& per cent., as an allowance for slip or other loss. 

The advantage of a direct-acting steam pump is, of course, 
[that the apphcation of the moving force to the water is 
[elastic, and there can be no excess of mechanical stress 
(exerted in any part of the pump^ all stresses in which are 
llimited to the maximum static steam stress ou the steam 
[piston. 



279 



WATER SOFTENING AND TREATMENT 









TABLE XXX. 






Standard Sizes and Capacity of Weir DiRECT-AcnNO Pump 






FOR Land 


Installations. 












lanllons 






Dia- 






Qallons 


Discharged 






motor 


Cylin- 


Length 


Discharged 


per Hour 






of 


der of 


of 


per 


at 12 i 


Floor Space. 


Height. 


Pump. 


Pump. 


Stroke. 


Double 


Double 










Stroke. 


Strokes i 














per Min. 1 






in. 


in. 


m. 






ft. in. ft. in. 


ft. in. 


H 


u 


15 


2-49 


1792-8 1 


1 5i X 1 7 


6 4t 


6 


8 


15 


2-94 


2206-8 1 


1 9i X 1 10 


6 10 


6 


8 


18 


3'53 


2541-6 ' 


1 9ixl 10 


7 7 


7 


H 


18 


4*8ti 


3499-2 


1 .10 X2 


7 7 


7 


n 


21 


5-G7 


4082-4 


1 10 X2 


8 4 


8 


io| 


18 


0-352 


4573*4 


1 2 x2 3 


8 


8 


10^ 


21 


7-43 


5349*6 


2 2 x2 3 


8 9 


8 


io| 


24 


8-49 


6113-8 


2 2 x2 3 


9 6 


9 


12 


21 


9*34 


6724-8 


2 4 x2 6 


8 9 





12 


24 


10-67 7682-4 


2 4 x2 6 


9 6 


H 


12J 


24 


11-83 1 8521-2 

1 


2 4 x2 6 


9 6 



Directing -Acting Steam Pumps. 

There is a large class of direct-acting steam pumps of 
the duplex and other varieties, which have perhaps the 
advantage of small initial cost, but are not always very 
strongly built. They are often found with excessively light 
valve spindles, and are not, when of foreign origin, usually 
up to the standard looked for in an English-made pump. 
In the duplex tj^e the valve gear of the one side is driven 
from the piston rod of the other side, and vice versa. In 
purchasing these pumps they are sometimes found to have 
a catalogue rating on so many gallons per hour, and the 
gallon is very much less than the English imperial gallon 
of 10 lb. of water. Errors are apt to arise from this cause. 

Worthington Vertical Duplex Feed Pump. 

This pump of the long-stroke variety (Fig. 84) has steam 
cylinders 14 in. diameter, pump plungers 9 J in. diameter, 

* This is the beat speed for boiler feeding. 
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Fnok P^am Je Ok. and the foOovii^ t«ble gives some 
panacnlars of xbiar cmfmatr «1»en ckmUe. The single- 
ram, pmnpf. vxch sm^t stea^ CTfinder, have a capadty 
ooe-haff that of the doablp-nj& pomps of equal ram 
dsameter. 

When carvfoOr packed these pomps run easily, and have 
a good Tohimetnc efficiency. 
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TABLE XXXI. 
Dimension and Capacity of Double-Bam Camkbon Pumps. 



Dlam. of Rams . .in. 


2 


2i 


3 


H 


4 


4i 


5 


Diam. of Cylin- 
















ders. . in. 


4 


6 


6 


6 


7 


7 


7 


Length of Stroke 
















in. 


3 


4 


5 


5 


6 


6 


6 


Sti-okea per Minute 


130 


100 


90 


90 


80 


80 


80 


Gals, per Hour 


520 


800 


1340 


1800 


2560 


3200 


4000 


Diam. of Suet, and 
















Del. . . .in. 


u 


H 


2 


2 


3 


3 


3 


Diam. of Steam 
















Pipe. . . in. 


i 


I 


1 


u 


U 


U 


U 


Diam. of Exhaust 
















Pipes , . in. 


i 


1 


1 


1 


U 


li 


u • 


Diam. of Rams in. 


6 


7 


8 


10 


12 


16 




Diam. of Cylin- 
















ders . . in. 


«t 


ID 


12 


14 


16 


18 




Length of Stroke 
















in. 


8 


9 


10 


12* 


15 


15 




Strokes per Minute 


70 


60 


54 


47 


40 


35 




Galls, per Hour . 


6400 


8800 


11500 


20000 


28800 


40000 




Diam. of Suet, and 
















Del. . . in. 


4 


4 


6 


6 


8 


— 




Diam. of Steam 
















Pipe . .in. 


2 


2 


2t 


3 


4 


— 




Diam. of Exhaust 
















Pipes . . in. 


2 


2 


2i 


3 


4 







The Fromentin Boiler Feeder. 

Though rarely seen, this apparatus has been found to 
work well, and it should do so with clean water, though 
there may be a reasonable doubt of its action when water 
contains carbonate of lime and is already heated to deposit- 
ing point. The apparatus consists of two iron bottles on a 
balance beam, so arranged that each bottle in turn is open 
to the water supply and the boiler alternately. A bottle 
full of water cannot run out into the boiler until the end 
of the discharge pipe in the boiler has become exposed by 
lowering of the water level. 
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The Injector. 

The Injector is not an efficient machme as a he 
enginet but it eervoa the double purpose of a feed pun 
tind a feed lieator, and returns the heat it. does not util 
to the boiler, tliough not at maximum boiler tempcratt 
and thus at a loss of eflBciency. 

Injiictora will drive water into the boiler from which thti 

supply of steam is taken. Th<j 
will even work againt^t high 
preswurea. 

The exliau>tt steam inject 
usia^ Hteam at atmospheric pr 
Hure will even deliver water, _ 
aupplied cold, juto a boiler at 
possibly HM> IK. pressure. 

The action of the injectxjr 
.simple, and resolves itself intoj 
(juestion of momentum. 

One pound of steam cooled to 
1 SO"" F. will part with about 1 ,000 
B.Th.U. If water be supplied at 
liO° P. and heated to 180^ P.. it 
will gain 120^F., so that 8 lb, (if 
water would in such a caae eon- 
dense 1 lb, of Bteam to wat^r at 
180° F. ; and if the velocity of 
flow of the st^am were 900 foot 
per second, the velocity of the combined jet would be 000-=- 
(8 + I) = 100 feet per second. Now. a velocity of TOO feet 
per second will rtiault from a head of H feet of wat^rr by the 
customary formula : V = 8 H, whence H = about 150 feot 
or 64J lb. The above figures are illustrative merely, for 
ifc is generally understood that the exhaust injector will 
save more than an eighth of the exhaust steam, an econon^ 
of 15 to 20 per cent, being claimed. Makers of the 
instruments state that they will heat the feed to \90^ 
and inject it into a boUer up to 75 lb. pressure. The actio 
of this injector is secured by splitting the combining noz 
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half longitudinally, 
""^d hinging the loose 
so that the injeC' 
»r standing vertically 
Hie flap can freely 
', open aud as 
'asily close when a 
'acuum is again made 
dthin it. 

The construction is 

ilear in Fig. 89. 

For pressures above 

5 lb, the jet from the 

ixhaust injector, at 

.y 70 lb., passes on to 

a live steam injector, 

as in Fig. 90. 

Water at 190*^ F. 
ftill condense more 
steam at a high prea- 
Bure which beats the 
feed now to 270° F., 
at wliich temperaturo 
it enters the boiler. 

Fig. 90 shows the 
form of combined in- 
jector 8uited for loco- 
motive work. 

Both portions are 
fitted with the split 
noitiile, \\hich gives 
automatic re-starllng. 
The size of an in- 
jector is always the 
smallest diameter of 
the cones in milli- 
metrea. 

The number of gal- 
ions per hour that can 
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be f«d by an ordinary live-steam injector vafiee with 
sqnarc of the diameter of throat in milUmetres. and viil 

the square root of the steam pressure, if published 
are to be relied on. The apparent formuJii is G = D* 
2yP, where G ^ gallons per hoiir and P^gauge pcoMt 
of steam. 

Thus a No. 2 is rated at 25 gallons for 10-Ib. and lOt 
gallons for 160-Ib. pressure, A No, 20 is rat«d at 2,513iiii 
10,048 gallons respectively for the same two pi 
Other sizes and other pressures all are consistent. 

All injectors fixed " liifting " give a less delivery 
to the height of the life. A slight Iift» such as 3 feet, mi 
very little difference ; but with higher lifts the reductii 
about as follows : — 



A lift of 6 feet reduces the 
,. 12 feet 
,, IS feet 



There are an almost infinite 




dehvery about 10%. 
,. 25%. 

,. 3a%. 

variety of injectors, ouiij 
of them of apparentlj 
unnecessary complicaticn 
of parts. 

Every information :i- 
to fitting and capacir. 
will be found in makeni' 
catalogues. 

It may be added that 
injectors shonld atwajs 
draw their supply of 
wator through a carefully 
made fine wire-gaujw 
strainer, and that when 
the internal part* 1)^- 
come coated with scjile 
they can be clean£^ed I'V 
soaking in a 10 per cent. 
solution of hydrocWorip 
acid . When fitted to 
lift their supply, Ibe 
capacity of injectors is 
reduced. 
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The reduction of capacity is nearly 2 per cent, per foot 
ft, and the maximum lift Is about IS feet, and the auction 
should have a foot retaining valve, 
ie steam-supply pipe to all injectors, and especially to 

laust-ateara injectors, should be taken off the steam pipe 
^ a square bend, in order that moisture and oil may be 
separated out of the steam. Where non-condensing engines 
are employed, an exhaust injector offers a means of heating 
the feed-water tank and assisting the softening process. 
Considering the absence of serious or perhaps any pressure 
against which it may have to work, it is probable that such 
an injector could even be employed to draw its steam from 
ithe exhaust pipe of a condensing engine for warming up a 
feed tank. In such a case possibly it would be found 
necessary to connect the overflow of the injector to the 
Ujondenser, with, of course^ a non-return valve in circuit. 
Ha rule sometimes used for finding the velocity of flow of 
5team is : — 




= %s/ 



% P 

where V = feet per second velocity. 



(to + 1)R 



e pressure per square foot and R = weight of a cubic 
bf steam at the pressure P ; or 



V = 8\/ . P W where W is the volume of one 

^ » + 1 

pound of steam in cubic feet, 

I K = 1 to 1'4, according to drynea'?. 

Approximately V — Oa/ ^- the true value of V being 

une 5 per cent, lees for wet steam and 2 per cent, greater 
dry steam. 

The following table gives the capacity and sizea of some 
plain exhaust injectors. 
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TABLE XXXII. 
Sizes and Capacities of Exhaust Steam Injectors. 



Size of 

Injector, 
mm. 


Delivery iu 

gailona 
per hour. 


Inside Diameter of Pipes. 


Branch from 
Bxbauat. 


Water Pipes. 


Overflow. 


3 
4 

5 

6 

7 

8 

9 

10 

11 

12 


150 

270 

420 

600 

830 

1080 

1370 

1700 

2050 

2450 


liin. 
2 in. 

2 in. 
2iin. 

3 in. 
3iin. 

4 in. 
4iin. 

5 in. 
5iin. 


Jin. 
lin. 
lin. 
Uin. 
IJin. 
l^in. , 
ijin. 
2 in. 
2 in. 
2iin. 


Jin. 

fin. 
lin. 
Hio. 

Hill- 
Hin. 
Hin. 
2 in. 
2 in. 
2 in. 



TABLE XXXIII. 

Temperature op Feed Water, Height op Libt, etc., for "Sirius" 
Self-acting Injector-s. 



Boiler Proswure. 



lleipht Injector 

will lift 

its fi'oil wutor. 



2 Tpmpernture at which 

Injector will take ftwd water 

(fixed noii-liftinn). 



» 2.'->lh. 
30 

80 
100 
loO 



5 to 12 feet. 

(See Dimension A, 

Fig. U6.) 
12 to 20 feet. 



1.50° F. 

150° ,. 

13.5° ,. 

125° ,. 

105° „ 



Note : — If fuwi 
"lifting," Iheniaxi- 
mum t«m|M)rature 

I of tlie feed water 
must bo 5" t<i 10' 
Itsiw accordinjr to 
height. 



* Witli pressures below 25 lb. there should bo no lift, and nt all 
low ]>rossurPS, the pipes (stenm especially) sliould bo short, fn.^ from 
beiuis, and of full area throvighout. 

- The Table of Temperatures as it stands ajiplies only to a specinl 
injiM-tor. For other patterns the niaxiniuni temperature at whitli 
feed water can lie taken is about 10° lower. 
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Appendix No. 5. 



TABLE XXXIV. 

SOLUBII-ITY OP AlB IN WaTEB AT '760 MILLIMETRE PRESSURE 
(1 ATMOSPHERE) AND VARIOUS TEMPEBATUBE9 CENTIGRADE. 



O'C 


0*0247 1 


lO'^C 


0^O1953 


I 


•02406 


11 


•01916 


2 


•02345 


12 


•01882 


3 


•02287 


13 


•01851 


4 


■02237 


14 


•01822 


5 


•02179 


15 


•01795 


6 


•02128 


16 


•01771 


7 


•02080 


17 


•01750 


8 


•02034 


18 


•01732 


9 


•01992 


19 


•01717 



Tomp. F. = Temp. C. x J +32 



TABLE XXXV. 



rSNSION IN MILLIMETRES OF MbRCURY OP WatER VaPOUR BETWEEN 

-5" AND + 35^ C. OB 23"* TO 95" F. 



-5 


3-131 


5° 


6-534 


15- 


12-669 


25'* 


23-550 


-4 


3«387 


6 


6-998 


16 


13-536 


26 


24-998 


-3 


3-664 


7 


7-492 


17 


14-241 


27 


26-506 


-2 


3-965 


8 


8^01 7 


18 


15-367 


28 


28-101 


-1 


4-267 


1 


8^574 


19 


16-346 


29 


29-782 





4^600 


10 


9-165 


20 


17-391 


30 


31-548 


1 


4^940 


11 


9-792 


21 


18-495 


31 


33-405 


2 


6-302 


12 


10^457 


22 


19-669 


32 


35-359 


3 


6-687 


13 


11*162 


23 


20-888 


33 


37-410 


4 


6^097 


1 ^^ 


11-908 


24 


22-184 


34 


39^665 
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iT^ncaiB 




-i-C 









;-^;t*; 



Me 

MM 
4M51 

-^ 

"^■<. 

i-s:i 
f-34: 

*->51 
3-»7I 
4-^*< 



mwpf -T»--<r OT" 5Kasfc.i£xiT x-r»M«i bv the fonnnli 
J =Xr' TTfcs^ i > m; sTOCTnr »«£it <tf saturated mta 

Tswr 7 = u'SiiKir" tl imUniK^^it of montrv. 
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TABLE XXXVII. 

Or THE Relative Equivalence or Pbessubeb in MiiiLiMETREs 
(OB OTHEB Units) of Water and of Mebciiry. 



Wtter. 


Henmry. 


Water. 


Mercury. 


Water. 


Mercury. 


Water. 


Mercury. 


1 


0O7 


10 


M8 


36 


2-58 


200 


14-76 


2 


0-16 


17 


1-26 


40 


2*95 


250 


18-45 


3 


0-22 


18 


1-33 


45 


3*32 


300 


22-14 


4 


0-30 


19 


1-40 


50 


3-69 


350 


25-83 


5 


0-37 


20 


1-48 


55 


4*06 


400 


29-52 


6 


0-44 


21 


1-55 


60 


4'43 


460 


33-21 


7 


0-52 


22 


1'62 


66 


4*80 


500 


36-90 


8 


0-69 


23 


I'70 


70 


6-17 


660 


40-59 


9 


0-66 


24 


1-77 


75 


5'54 


600 


44*28 


10 


0*74 


25 


1*84 


80 


6-90 


650 


47-97 


11 


0*81 


26 


1*92 


85 


6-27 


700 


51*66 


12 


0*80 


27 


1-98 


90 


6-64 


800 


69-04 


13 


0-96 


28 


2-07 


95 


7*01 


900 


66-42 


14 


103 


29 


2-14 


100 


7-38 


1000 


73*80 


15 


M2 


30 


2-21 


150 


11-07 







The Bpecific weight of mercury is 13-5501 times that of water. 
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TABLE XXXVIIT. 

Temfbrature and Pressure of Steam fob each Half-inch oj 

Vacuum. 



Inches 
of 


Absolute 




Inches 

of 
Vacuum. 


Absolute 




Vaouutn. 


Pressure. 


Temperature 


Pressure. 


Temperature. 


Mercury 

Colamn. 


Lb. per 
square inch. 

14-697 


Degrees F. 
212-00 


Mercury 
Column. 


Lb. per 
square inch. 


Decrees F. 





15 


7-329 


178*96 


i 


14-451 


211-15 


155 


7-084 


177*44 


1 


1 4-206 


210-2D 


16 


6-838 


175-87 


n 


13-960 


209-42 


165 


6*592 


174*26 


2 


13-715 


208-54 


17 


6-347 


172*59 


2i 


13-469 


207-64 


175 


6-101 


170*86 


3 


13-223 


206-73 


18 


6-856 


169*07 


H 


12-978 


205-80 


185 


6-610 


167*23 


4 


12-732 


204-86 


19 


5-364 


166-31 


4i 


12-487 


203-91 


m 


6-119 


163*32 


5 


12-241 


202*94 


20 


4-873 


161*25 


H 


11-995 


201-95 


205 


4-628 


159*09 


6 


11-750 


200-95 


21 


4-382 


156-83 


65 


11-504 


199-93 


215 


4-136 


154-46 


7 


11-259 


198-89 


22 


3-891 


151-97 


H 


11-013 


197-83 


225 


3-755 


149-34 


8 


10-767 


196-75 


23 


3-410 


146-55 


H 


10-522 


195-65 


235 


3-164 


143-59 


9 


10-276 


194-53 


24 


2-918 


140-42 


9J 


10-031 


193-39 


245 


2-673 


137-01 


10 


9-785 


192-23 


25 


2-427 


133-32 


lOi 


9-539 


191-03 


255 


2-172 


129-31 


II 


9-294 


189-81 


26 


1-926 


124-89 


iH 


9-048 


188-57 


265 


1-680 


119-94 


12 


8-803 


187-30 


27 


1-435 


114-34 


m 


8-557 


186-00 


274 


1-189 


107-84 


13 


8-311 


184-66 


28 


0-944 


100-05 


135 


8-066 


183-29 


285 


0-698 


90-24 


14 


7-820 


181-88 


1 29 


0-453 


76-80 


145 


7-575 


180-44 


295 
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TABLE XLI. 
Saturated Steam : Tkmperatcbe Pbessube Table. 





Absolute 




Absolute 




Ab«olute 


Temp. 


Pressure 


Temp. 


Pressure 


Temp. 


FreBsure 


F. 


in lb. 


F. 


in lb. 


F. 


in lb. 




per sq. in. 

•26 




per flq. in. 


114 


per sq. in. 


60 


87 


•63 


1*42 


61 


■26 


88 


•65 


115 


1*46 


62 


•27 


89 


•67 


116 


1-50 


63 


•28 


90 


•09 


117 


1-55 


64 


•29 


91 


•71 


118 


1-59 


65 


•30 


92 


•74 


119 


1>64 


66 


■31 


93 


■76 


120 


1-68 


67 


•32 


94 


■78 


121 


1-73 


68 


•33 


95 


•81 


122 


1-78 


69 


•35 


96 


■83 


123 


1-83 


70 


•36 


97 


■86 


124 


1-88 


71 


•37 


98 


•89 


125 


1-93 


72 


•38 


99 


•91 


126 


1^98 


73 


•40 


100 


•94 


127 


2'04 


74 


•41 


101 


•97 


128 


2-10 


75 


•42 


102 


1-00 


129 


M5 


76 


•44 


103 


1^03 


130 


2-21 


77 


•45 


104 


1^06 


131 


2-27 


78 


•47 


105 


1-09 


132 


2-33 


79 


•49 


106 


M3 


133 


2'40 


80 


•60 


107 


Mfl 


134 


2^46 


81 


•62 


108 


M9 


135 


2^52 


82 


•53 


109 


1^23 


136 


2'59 


S3 


•55 


110 


1^27 


137 


2-06 


84 


■57 


111 


1^30 


138 


2^73 


85 


■69 


112 


1^34 


139 


2^80 


86 


•61 


113 


1^38 


140 


2^88 



UNITS. DEFINITIONS AND EQUIVALENTS. 

The British Unit of Work is the foot pound which represents 
le work done in raising one pound one foot high. 

The Metric Unit of Work is the kilogram metre. 

Power is the amount of work performed in a unit of time. 

The Horse-Power is the unit of power used by British engineers 
id is equal to 33,000 foot pounds of work per minute. 

The French Horse-Power is the equivalent of 75 kilogram- 
etreB per second. 

1 British Horse-Power = 1-0139 French Horse-Power. 



• Tables and Data. 
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Indicated Horse-Fower (or pump horee-power) is tlie meaaur^ 
of work done by the steam in the engine cjinder (or water in tl 
pump cylinder) and is calculated by the aid of the indiiat 
diagram, tbe data necessary being : — the mean effective prentiupe 
iathe cylinder, the area and the speed of the piston or buckfl 
The method of caloulation is as follows r— 

Let P = The mean effective pressure of steam or water 
pounds on the square inch, 
A ^ Area of piston in square inches, 
L ^ Length of stroke in feet, 

N = Number of strokes per minute, in double-acting 
engines or pumps = revs, x 2, 
Then P x A = the total mean eflfective pressure on the piston 
in pounds, 
L X N = the distance in feet through whioh tlie pLgti>i 
moves in one minute (or piston speed), 
lind PAxLN-tho number of foot-pounds of work do; 
per minute which, divided by one ho 
power, or 33,000 foot-pounds. 
P AxLN 
33,000 
gives the indicated Horse-Power developed 
by the engine or absorbed by a puinp as 
shown on the Indicator diagram. 

Indicnled Horse-Power is the estemal or useful work done by 
the engine, plus the power to overcome the Irictional re«.iBtances 
of the engine itself. 

Brake Horse-Power represents the external or useful work done 
by the engine, or the Indicated Horse-Power less the pow^ 
absorbed to drive the engine itself. 

Thermal EffititTiCy. — The thermal eflSciency of an engine 
the ratio of the amount of heat energy used in doing work, 
the total amount of heat energy received by the engine. 

Tht Merhmikal Efjickjicy of the engine is tlie ratio of 

useful work to the total work done and oquala --- -' 

^ mp. 

'* Heat is a form of molecular enei^, and it may be conver 

into mechanical work by uieans of the change of volunie wl 
it produces in bodies acted upon by it." — {liipjjer.) 

" Hiat, given to a substance and warming it, is said to 
'sensible' in the substance. Heat, given to a rtubntance ai 
not warming it, is aaid to become latent." — {Sir 11'. Thon 

" L&tent Heat, is the quantity of heat which mue>t tw 
municated to a Ijody in a given state, in order to convert it in] 
another state without changing its temperature." — (Maxw 
" Tfteorif of Ueatr) 
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Units of Hmt.—The BHtish Thertrud Unit (B.Th.U.) is the 

ridarti unit adopted in this country, and is t!ie heat required 

raL^e one pound of water througls one degree Fahrenlieit, 

su^^'d by nonie at the standard temperature oi tiO" F. but 

"kine says at or near 39-1* F. =4" C. or the temperature of 

timum density. 

mechanical equivalent of the B.Th.U., aa determined by 

frlftnds, fl-fter Joule, is 77S foot [jounds or units of work, at 

F. 

Tlte Metric Thermal Unit is the Calorie, and represents the beat 

squired to raise one kilogram of water one degree CeEeiita or 

entigrade. 

I B.Th.U.- 0-252 Calone. 

1 Calorie -3-968 B.Th.U. 

1 Calorie = 3087 foot pounds. 

Specific Heat^ or capacity for heat, is the ratio of the quantity 

" heat required to raise one pound weij^lit of a given Hubntimce 

>ugh one degree Fahrenheit, water, at the standard tem- 

erature of ©]^ F., being the standard of comparison. 



Table or Specific Heats. 



Water at 60=* F. 


= 1-000. 


Ice at 32" F. 


^ 0*504. 


Iran, cael . 


- 0-1 30. 


Iron, wrought 


= 0.113, 


Steel . . . 


- 0-1 in. 


Cnpper 


= O■09.^. 



Constant Conitaat 

Prewupu ValBme* 

Steam at 212'='F. = 0*480 = 0*346. 

Air . , . = 0"217 = O'lea. 

Hydrogen . = 3'4U) - 2-4t0. 

Oxygen . . = 0-217 -- 0.155. 

Nitrogen. . = 0-244 - 0-173. 



Temperature. — " The temperature of a body is i(fl thermal 
tate considered with reference to ita power of communicating 
ieat to other bodies." [Maxivdl.) Temperature determines the 
atensity of heat in bodies. 
First Law of Thermodynamics. — '* Heat and Mechanical energy 
mutually convertible, and heat requires for its productifvn 
nd produces by its disappearance, a definite number of units 
work for each t!iermal unit." 

Secottd Law of Thermodynainics. — " Heat cannot pass from 
j)ald body to a hot one by a purely self-acting process." — 
^u»ius.) 

The operation of this law is shown by the action of tlie steam 
the cylinder. The steant at admission is hotter than the 
aetalB and gives up heat to equalize the teniperaturei^, at 
'exhaust the metals are hotter than the steam and return heat 
to it. 

Evaparathti represents the total weight of wat-er evaporated 
ato steam at any given pretwure, divided by the net Avejght of 
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dry fuel required to do the work and u expreaMd :— s Ik iM 
per lb. fuel. 

Ef/iiivalent evaporaiion from aitd *jS 2X2^ F. — For fiiifpWM 
comparison, evaporation ret^ults in triak of boiiets ace ndieri 
to une f'omnion standard, wluch is the number of pomdi d 
waWr whifh the ^arne expenditure of heat-unite would eTtiwm*? 
into Htoam at 212"' F.. from water at 212^ F. Tlw »oi 
heat-uniu requirfd to evaporate one pound of water ttt -i- - 
into steam at 212'' F., ia 963 B.TIi.U. Tke total he«t of ev»{X]«»> 
tion at a given preasure h H — ^(the lieat of the feed^32). ant 
therefore : 

H— ( temp, fee d— 32 ) 
966 
eriuivalent evaportktion from and at 212* F. 

For superheated steam, add the heat unita required to nM 
the temperature from that normal to the ptedsure to the tecD> 
perature of superheat, or (Ts— Tl.) x 0-4:8. 

Coal is composed of Carbon, Hydrogen, Oxygen. Nitrogeo, 
Sulphur, Ash and Water in varioua proportion*. M. Alafalw in 
hifl work. CcfUributurns d VEtvdes dfs Combustibles, givei ttie 
following formula for aecertaitiing the heating value of the fuel : 
14,500 C +62, 100 H- 5,400 (O -fN) = heating vaJoe in B.Th.U, 

Efjkitncy of the steam generating plant is the ratio of the 
heat units usefully employed Iri the generation of steam, ai 
shown hy the evaporative result, to the total heat mutt 
ftupplied in the fuel thrown on the ftirnaoes* 

The heating value of the eoal having been ascertained b 
B.Th.U., is divided by 960 B.Th.U., and this gives the number 
of pounfbt, wliicli the total heat of the fuel would evaporate from 
ajid at 212^ F. 

Abmlule pressure is reckoned from Zero of Vacuum. On the 
vacuum gauge tliia ia represented by 30 inches of mercury, w 
14*7 lb. below atmospheric pressure. 

Boiler or gauge pressure is that above the pressure of the 
atmtwphere whicli is 147 lb. on the square inch. 

Absolute pressure -14-7 ^boiler pi-enwure. 

Boiler pressure +14-7 ^absolute preaaure. 



Thermomktsb Scales. 

32" Fahrenheit = 0* Centigrade = 0" Keauroor, 
212^ ,. =100'' „ =80^ 

(Degreea Falir, —32) k ^ = Degrees Centigrade. 
(Degrees Fahr. —32) x .', = Degrees Reaumur. 
(Degrees Centig. x .;) +32 = Degrees Fahr. 
(Degrees R^aum. x 4) +32 = Degrees Fahr. 
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" ECONOMIZEBS." 

To ascertain the gain effected by the use of " economizers," 
i.e., feed- water-heaters, wherein the increase in temperature is 
obtained from the waste gases, after leaving the boiler ; or from 
exhaust steam ; the following rule will serve : — 



npenti 
Wvli 



100 X 



Avlngthe 
" eoonomlzon ' 



( Tempentiin ol teed' 
- ' entering the 
( " eoooomiun " 



Total best of atesiD at ) ( Temperature of feed 
boiler prennie reclroned \ —] entering the 
. from 0° Pahr. ) i, " economliers " 



-gain per cent, 
effected. 



PROFERTIBS OF SATURATED StEAH. 

Rankine gives the relation between temperature and pressure 
of dry saturated steam with great accuracy, as follows : — 



log p = A — 



B 



_2_ 

T* 



where p represents the absolute pressure in pounds per square 
inch, 

A = 61007 

log B = 3-43642 

log = 6-59873 

T=ab8olute temperature on the Fahrenheit scale, or t +461 '2. 
If T be the Centigrade scale, 
then A = 61007 

log B = 31812 
log C = 50871 
The following table (XLII.) by Professor Peabody sliowa the 
accuracy of Rankine's equation as compared with Regnault's 
experiments. 

TABLE XLII. 





Pressure in lb. per sq. in. 


Tempernturo F, 












Experiment. 


Rankine's Equation. 


32 


•089 


•083 


77 


•455 


•462 


122 


1^779 


1-78 


167 


5'579 


5-58 


212 


14-097 


14*7 


302 


69*27 


69*21 


392 


225>56 


225*9 


428 


330-26 


336.3 
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Specific Htai. — Spfe%fiA.heai is the heat required t^i raiw 1 
waterfrom freoring point to the given tempeinture. The i 
heat of water b not constant. The ^alue of the specific 
ts is givoji with fair accuracy by the equation 

S = i +00002(1 + (Xt00003(a 

wlxen t is the temperature Centigrade. 

Or S = ( -32+-0(XKM)OI03((-3ft)3 

for the Fahrenheit soale. 

The specific heat at any temperature f is j-r — 1 + 2a ( +3ffiil 

where S=l +«(• +(8(^ = the specific heat at the temperature f' 
Or consider aity two teoiperaturejg t, and t^ ; then heat added ] 

between theae temperature* =Sj— Si =ia~'i +<i Cj'-'i*) +B| 
((j*— f]^) and the nie-an spetjifir heat 

-^^ - 1 + aH, -t,) + ^((,> +r, i, +«.^). 

On the Fahrenheit scale it is, 1 00047 + -000000103 

Reasoning from Rowland^a recent results on the mechanical 
equivitdent of beat, Profeesor Peabody has shown the above 
to bo not quite accurate. 

Latent Heat ]» the number of Britiali thermal unita requin-d | 
to convert 1 lb. water into dry saturated steam without chftngp 
of temperature. Latent heat consists of two parts: : the ei- 
temal work done during evaporation and the actual intrinsic 
heat possessed by the st«am in virtue of its oon^'ension into 
Ateam, and equal to lat-cnt heat ?n?H7f.? the heat oquivalent of 
the external work done by the steam during evaporation ; ot, 

where P is the pressure per square foot under which the steam 
was formed ; u the increa-ne in vohime of water and steam in 
cubic feet during evaporation, and J- Joule's mechanical equiva- 
lent of heat, which is now taken as 77S foot pounds, or 426S 
calones. 

Approxinmte expression for internal latent heat is 

where I is the temperature of evaporation on the Centigrade scale : 
and 

1002- -79 ( 
on the Fahrenheit scale. 

An empirical equation for latent hoat L is 

L = 1 115 — "7 * on the Fahr. scale, 
or L = 607 - 7 < on the C*nt. sr^aJe. 
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' Professor Unwinds equation for the Jatent heat oa the Centi- 
srade scale is 

L = 779 ^1 

" (7-503- log p)3 

'which is very accurate where p is the corresponding pressure of 
evaporation in pounds per square inch. 

Total Heat. — ^The total heat H required to raise the tempera- 
ture of 1 lb. of water from 32 ° Fahr. to a given temperature, 
and evaporate it at that temperature is the sum of the sensible 
heat, the internal latent heat, and the external latent heat : 

H = S+L 
or H = 1082+ -SOS* 

when t the temperature of evaporation Fahrenheit or 

H = 606-5+ -305 < 

for t on the Centigrade scale. 

External Work.~Hhe work done by the steam during forma- 
tion, is called the external latent heai. It is approximately 
52 + 091 1 thermal units or on the Centigrade scale 306 +-091 1 
thermal units. 

Specific Volume, — ^The specific volume or volume of 1 lb. of dry 
saturated steam at different pressures can be calculated tlius — 

rfT ~Tli T{v-S) 

where v = specific volume of 1 lb. steam and S = volume of 1 lb. 
water = 016 cubic feet. 

For rough purposes tho equation p u i**" =479 can be used, 
when u = v — S and p = pounds per square inch of pressure. 

For a fuller treatment of these matters see Tables and Data 
by Fallen. Scientific Publishing Co. 
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ELECTRICAL OIL SEPARATION 

The acpompanying illustration shown liow tht> proo 

oil fioparatton from groasy water Ilils been eleotricoJIy ntUcked 

by tike Davis -Perrett fiyBteru. Tbe ak pump di^c)iarg«. u bol 
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Bfi it can be obtained, Is passed through a tank dLVidi>d up into 
■ectionij, eat^li section being again divided by iron plateH. Tho 
plates are then connected so that the potential is about 40 to 
50 volts acroi?fl each element. At tho Leicester Corporation 
Tramway atation there are five plates in parallel and ten in 
series acroas a 500 volt circuit ; this plant will deal with 6,000 
gallons per hour and consumeM about 12 amperes or 6 units. 
The plates last it is said two or three yeans and when covered 
with deposit they are cleaned by reversing the current when the 
depof^it rises and can be removed. Grooves are cut into the 
partitions dividing off the compartments and, the plates being 
inserted in these grooves, are rigidly supported. Iron rods, 
screwed their entire length, are uaed for connecting the platea 
bogettier eieetricaUy. The whole apparatus ia supported on 
insulators, and the liquid to be treated id divided into two 
streAma at one end of the tanks ; it then passes into the tanks 
and through each set of compartmenta in five parallel streams. 
Alternate platea are cut as ahown by the drawing so that the 
liquid passe*! under one plate and over the nest alternately and 
circulation is so ensured over the full surface of the plates. It 
is said that the air-pump discharge has a high ohmie resiytence 
but that the addition of a amali quantity of freah water at once 
enables the liquid to conduct current and this additional water 
may of course be added in the form of make-up water. The 
action of the electric current is to cauae the emulsified oil to 
coalesce so that it will separate out by i^avity. but. to save 
space, it is mechanically filtered. Sand (or in come cases wood 
shavings tightly packed between perforated iron plates, and 
oak sawdust) w used for filtering. The iron platea arc gradually 
destroyed, a brown oxide being formed and this^ which ia a 
hydrated peroxide, is collected with the oil and forms with it a 
floccuJent substance. Wliether the oiide is essential to the 
process is not certain, but the result of the process ia a clean and 
bright water free from oil. The space occupied varieg from 
100 square feet per 1000 gallons per hour up to 290 square feet 
for 8,000 gallons or approximately it would apjiear S ^ 100 yN, 
where S= square feet of wpace and N^ number of thousands of 
gallons per hour. The head room is 15 to 20 feet. 
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Scid. 101, 105 
water, 139 
Air, liygTometry of, 256 
Air and circulating punipa, 211, 

I Air pump. 149. J94 

I bucket. 19!^ 

I combined, with circulating 

pump, 211, '213 

— compound, 213 

— DaT.-y Paxman. 204 

— diagrams, 208 
-^ direct steam-driven. 212 

— Edwards. 201 

— ejector, 206 

— forms of. 200 

— Hick Hatp-pavps. 207 

— horizontal, 209 

— Mirrleefl Watson, 203 

— rot-ative, 216 

— Storey & Sons, 203 

— tail rod. 210 

— two-fitage jet augmentor, 
215 

- types of, 201 
~ working of, lOS 
iir, solubility of, in wat^, 28fl 
ilum. 28, 3-1. 94 
^aalysis of water, 35. 4,1 
lAngue Smith. Dr., 22, lft7> J 23 
Apparatus, commerwal, 44, 48 
'j-chbutt-Deeley eyatem, 48 
TMia of circles,' 275 
Atmospheric ftvaporator, 26n 
— valve, 190 
lugmentor. 214 



Saker softener, fl3 
Sariiim aluminate, 26 



Barium earbonaie, 30 

— hydrate, 30 
Barometer, 153, 198. 27fi 
Boiler cleanerd. 119 

— cleaning, o, 100 

— compounds, 96, 98 

— — Frencli, 67 

— Cooling, fi 
Boiling point of gait sotutionB^ 

342 
Borings, deep, 10 
BracketrH. condenser, 187 
Bruim Lowener softener, 68 
Bucket, air pump, 199 
Buxton lime, 22 



Capacity of condensers. 160 
Carbonate of lime, 13, 19 

— magnesia. IS, 20 

— Boda. 23 
Carrod softener. 78 
Caustic lime, IS, 19 

— soda. 24, 25, 128 
Centrifugal pmnp, 218 
Chalk lime, 22 

— water. 10, 123 
Chemicals, 103 
Chemical oil eeparation, 113 
Chevftlet Boby detartariaer, 83 
Circles, areas of, 275 
CircwJating pump. 211, 213, 218 

— — Hiok Hargreavea, 219 
- — Pulaometer Co.'g, 219 

— water, 25, 177 
Clarke's process. 17, 125 
Cleaners, mechanical boiler, 119 
Coagulation, 94 

Coefficient of contraction, 220 
Cooling surface, lag 

— pond. 258 

— towera, 200 
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Cooling watnr. 255, 250 
Condt^naor. 154, 170, 173 

— atni06pliwit\ M)3 

— Brapkutt'rt, 1»7 

— cftlculatkiiw, 1»^4 

— cftpftcity o(, IttO 

^ coiuiter- current, Iftfi* 1S7 

— cJBctor, 161i 

— ev»pora.tix*p. 18fl 

— Ledward. 175. IS-I 

— plant d<-aixii, l©* 

— Storey. 17(1 

— vfti'ietiea i*f, ISO 

— vi^rtifAl. 17ft 
^— Whet*ler, 174 

— Worthington. 173 
Couftter-uurrpnt ooudpnaer, 186, 

107 
Oruaa loed heater, 235 

D 

Definitions, 295 
Desrumeaux softener, 70 
Design of condensing plant, 164 
Detartarisers, 83 
Di^lacement pump, 219 
Doctor Angus Smith, 22 
Dorking lime, 22 
Doulton softener, 57 

E 

Economizers, 223, 229 

— pure water, 234 
Economy, 6 

— of condensing, 7 1 

— feed heating, 294 
Edward's air pump, 195, 201 
Ejector condenser, 162 
Electrical oil separator, 302 
Equivalence of water and mer- 

ctuy, 291 
Equivalents, 295 
Evaporator, atmospheric, 260 
Evaporation temperature of salt 
solutions, 142 

— factors of, 293 

— from ponds, 259 
Examples of condensers, 173 
Exhaust injector, 284, 286 

— pipes, 166 



Factors of m'apotatioo, 29a 
Fan cooIiriK tower, ifid 
F#od heating, 223 
F«?<i heater. PaMrrson. 8ft 

Tray, 2*2 

- - Weir, Bi 

— heating in stages. 237. -M' 

— piunf^. 271, 27S. 28«. *8V 

282 
Flow of water in pifies, 277 
Floury depitBit, 21 
Flue foed lieatfr, 223 I 

FillerB. SH, 90. »3 | 

— rapid. 93 

— Koiaert. ftS | 
Filteriiiu: medio., 85 
Filtration, 4 

Fromentin boiler fwder, 2S3 
Folly-heJited feed, 23.=* 

G 

Gallon, standard, 274 
Galvanic action, 105 
Gases, solubility of, 172 
General design, 164 
Geological considerations, 8 
Grease, 21. 33, 105 
— separation, 109, 113 
Guttman's softener, 60 
Gypsiun water, 123 

H 

Hard water, 37, 39 
Heat, 149, 151, 295 

— effect, 4, 29 

— latent, 150 

— specific, 149 

— unit of, 151 
High vacuum, 177 
Hotchkiss cleaner, 1 19 
Hygrometry of air, 2S6 



Incrustation in condenscffs, 17 

— pipes, 107 
Injector, 284 

— capacity of, 288 

— combined, 285 

— exhaust, 284, 286 
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Latent heat, 150, 300 
Law of mixed vapours, 155 
Lead pipes, 108 
Lime carbonate. 13, 19 

— caustic, 18, 19 

— fat, 22 

— milk of, 23 

— solubility of, 46 

— sulphate, 15, 34 

— imsuitable, 22 

— water, 23 

Low pressure steam, 155 

M 

Magnesia, 24 

— carbonate of, 15, 20 

— sulphate of , 10 
Mechanical boiler cleaners, 119 
Mixed vapour, 155 

N 
Nozzles, spray, 267 

O 

Oil separation, 109, 113, 302 
Organic matter, 33 
Oxalate of soda, 27 



Paterson feed heater, 80 

— oil separator, 114 

— softener, 79 
Pipes, exhaust, 166 

— flow in, 277 

— incrustation in, 107 

— silted, 165 
Pond, cooling, 258 

Position of condensing plant, 217 

Potash, 25, 108 

Pressure and he€id of water, 273 

Properties of water, 144 

Pure water, 121 

Pump, air. See Air Pump. 

Pump, capacity of, 280, 283 

— circulating, 218 

— direct-acting, 280 

— feed, 271 

— flywheel, 282 



Pump, suction lift of, 276 

— Weir, 278 

— Worthington, 280 

R 

Keagents, 19. 27 
Kecarbonization, 21 
Keisert Alter, 95 

— softener, 65 
Reservoirs, 258 
Retaining wall, 91 

S 

Salts in water, 13, 142, 144 

— reactions of, 19 

— solutions, boil, 142 
Sand, 93 

— filters, 90 

Saturated steam table, 296, 299 
Scale effects, 32, 34 
Settling ponds, 90 
Softened water tests, 60, 63 
Softening by soap, 5 

— systems, 17 
Soap softening, 5 

— solutions, 36 
Soda, 23, 27 
Sodium chloride, 17 
Silicate of soda, 27 
Silt in pipes, 165 
Smith, Dr. Angus, 22 
Solubility of air, 289 

— gases, 41, 140, 172 

— lime, 46 

— salts, 142, 144 

Space occupied by apparatus, 75 
Specific heat, 49 

of water, 241, 300 

Spray nozzles, 267 
Stage feed heating, 237, 244 
Standard hard water, 37 
Stanhope softener, 73 
Steam, properties of, 155 

— teble, 295 

— velocity of, 167 
Stromeyer on softening, 24 
Suction lift of pumps, 276 
Sulphate of lime, 15, 34 

— magnesia, 16 
Surface condenser, 189 
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Te-mperature. 140 
— of evaporation, 142 
Tension of water vapour, 2SI 
Tests of softened water, 50, 63 
Tlierniometer acaJea, 298 
TowLTs* cooling* 260 
Tiibiilftr fti*ed heattn*. 230 
Turbuient How, Ittl 



U 



UfiitB, 29R 

— of heat, 15 1 

— • work, 121 



Vacuum, high, 177 

— steejti t-aljlf . 292 
VapouTB. mixed, 156 

— pressure, 202 

— apecilic gravity of, 290 

— tension of, 289. 290 

— vohiitif of, 200 
Velocity of steam, 167 

W 



Walls, retaining, 91 



WtttCT acid, 139 
Wnter and taercmy, etjuis-aknt 
of, 291 

— as affected by geolo^csi 

chalk. 123 "■ 

— corrections, & 
Water, circulating;, 177, 257 

— cooUng. 255 
— ■ efTecta of pure. 4 
- — flow in pipes, of, 277 

— for cotkdensation, 1^ 

— hard, 37, 39 

— ite sources, 7 

— pressure and hend, 273 

— propertiea of , 17* 144 

— pure. 121 

— river, 9 

— ealte in, IS 

— 8ea, 145 

^ 80ft. 9 

— soluble powers of, 41 

— Bpecifie gravity of, 290 

— — heat of, 241 

-^ tension of vapour, 2S9, 290 

— vspoui- deusiby, 290 

— weight per cubic foot, 144 
Weir feed heater, 84 
Wollaston softener, 76 
Work, unit of, 161 
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Butler ft Taxmer, Hm Sdwood Frintiiig Works, Fiome, and Lonloa. 
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